Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 




.'• \.. ««". ' 




NOTES 



FOR 



STUDENTS IN CHEMISTRY 



NOTES 



STUDENTS IN CHEMISTRY 



BEING A BYLLABDS OF CHEMISTRY 



ALBERT JAKES BEENAYS 



J$tfl^ fibition 



LONDON 

J. & A. CHUECHILL, NEW BUELINGTON STREET 

1878 

/^3. ^. /C4- 



T-/ 



PBEFACE. 



Soon after my appointment to the Chair of Chemistry at 
St. Mary's Hospital in 1864, 1 noticed that the chief part 
of the lecture-time was occupied by the most diligent 
students in taking notes of the various formul» and re- 
actions which were from time to time stated ; and that 
they were thereby prevented from paying continuous 
attention to the course of the Lecture, and its illustrative 
experiments. 

To remedy this evil, I published in 1865 the first edition 
of my " Notes for Students," in which I endeavoured to 
supply all the information necessary to form a connecting 
basis for the teaching in the lectures. 

In the present edition, the " Analytical Notes for 
Students " have been omitted, in order to allow of in- 
creased space : these Analytical Notes will be published 
separately. 

Albert J. Be^nays. 

Chemical Laboratory y 
St. Thomas's Hospital Medical College, 
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Manifold as are the substances wliich we meet, with on every 
hand, there are but few bodies which cannot be resolved by 
heat or otherwise into simpler forms. Such as resist all 
attempts at decomposition are called Elements or simple bodies. 

The quantities of one element which can unite with a con- 
stant quantity of another, increase by successive steps, accord- 
ing to simple numerical ratios. Thus, two parts by weight of 
Hydrogen can unite with sixteen parts by weight of oxygen, 
and further witli thirty-two parts by weight of the same element 
Oxygen. This fact has led to the idea that the elementary 
bodies are made up of indivisible particles called Atoms, each 
having a constant weight peculiar to itself. A collection of 
elementary atoms united together to form a compound, con- 
stitutes a Xoleonle, the weight of which is equal to the weight of 
the sum of its component atoms. Thus an atom of Oxygen 
weighing i6 unites with 2 atoms of Hydrogen, each atom 
weighing i, to form a molecule of hydrogen oxide or Water, 
weighing 16 -f 2 = 18. 

These combinations are represented by symbols, the initial 
letter of the element denoting the atom Thus Iodine is repre- 
Hented by I ; it unites with Hydrogen H, to form a compoxmd, 
the molecule of which is expressed by the letters HI. A group 
of two or more atoms is expressed by a numeral either before the 
symbol, or by a small numeral to the right of the symbol. Thus 
2I or I2 denote 2 atoms of Iodine; but 1,0, indicates a com- 
pound of 2 atoms of iodine with 5 atoms of oxygen. 

When one element takes the place of another in combination, 
the substitution always occurs in proportions which are fixed, 
definite and invariable. The relative quantities of different 
elements which thus replace one another, are called Equivalents 
or Ghemioal Equivalents: they are either identical with the 
atomic weights, or simple multiples or snbmultiples of them. 
When Zinc takes the place of Hydrogen, the quantity of Zinc is 
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2 ATOMIC AND MOLECULAR WEIGHTS. 

only one-half its atomic weight ; but, when potassium doc b so the 
equivalents are in the same proportion as their atomic weights. 

Chemical reactions muy be represented symbolically in the 
form of equations, tiie symbols of the reagents being placed to 
the left, Rud those of the results on the same line to the right, 
only sepai-ated by =. Thus: Kj + OHg = OKj + H,. In 
this case, the molecule of kalium (potassium) decomposes the 
molecule of water, into the molecule of potassoxide, and the 
molecule of hydrogen. Multivalent elements often exhibit 
varying degrees of equivalency. Thus Carbon is quadriyalent 
in GH4 and bivalent in CO. Kitrogen is univalent in NjO, 
trivalent in NgO, and quinquivalent in Nfi^. The variation 
mostly takes place by two units of equivalency. 

The atomic weights of those elements which are known to 
exist Rs gRS or vapor, are, as a rule, proportional to their spe- 
cific gravities. Taking fhe specific gravity of hydrogen as i, 
then are the sp. grs. of Oxygen, Nitrogen, Chlorine and Fluorine, 
and of the vapors of Bromine, Iodine, Sulphur, Selenium and 
Tellurium (compared under the same conditions of temperature 
and pressure), identical with their atomic weights. Exceptions 
to this- rule are exhibited by arsenicum and phosphorus, who^e 
vapor-densities are twice their atomic weights, find by Cad- 
mium and Mercury, whose vapor-densities equal only half their 
respective atomic weights. "With these exceptions, the com- 
bining volumes of all elementary gases are equal. The mole- 
cules of compound bodies in the gaseous state occupy the space 
of two volumes of hydrogen. As the molecule of an elementary 
gas is made up of two atoms, it may be said that equal volumes 
of an gaaes contain equal numbers of molecules, or, that the 
molecules of all gases occupy equal volumes (Law of Avogadro). 
Thus is afforded a sure mode of fixing the molecular constitn- 
tion of all compounds obtainable as gases, and of ascertaining 
the atomic weights of the elements. 

When it is said that the sp. gr. of any compound gas or 
vapor, referred to hydrogen as unity, is equal to half its atomic 
or molecular weight, it must be remembered that a few exoep- 
tions are known. Thus ammonium chloride CIH4N, occupies, as 
vapor, four times the space of an atom of hydrogen. The same 
exceptions we have in the cases of phosphoric chloride CI5P ; 
OIL op vitriol S02(0H)2 ; mercfrous chloride HgjCl, ; ammo- 
nium HYDROGEN SULPHIDE SHCH^K), &c. &c. And, to a certain 
extent, the explanation may lie in tlxe supposition, that the high 
temperature to whir'h they are subjected biings about a partial 
decomposition or '* dissociation.'' 

If one or more of the atoms of a fully saturated molecule he 
removed, it is obvious that the residue will be no longer satu- 
rated : such residues are called Badioles. In the ease of the 
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tetrad Carbon, the saturated hydrogen compound is known as 
METHANE CH4 ; the removal of one atom of hydrogen, leaves a 
residue known as methyl CH,. A further removal of an atom 
of hydrogen, leaves a bivalent radicle methene CH^. If we take 
away three atoms of hydroo:en from methane CH^, we obtain 
the trivalent radicle methentl CH. Lastly, when all the 
liydrogen is removed, we have the tetrad Carbon remaining. ,So 
likewise with the saturated molecule hydrogen oxide or water 
OH2 ; take away, an atom of hydrogen, and we have a monad 
radicle hydboxyl OH, analogous to chlorine, &c. 

The atomio weight of an element is, then, in some cases 
identloal with its equivalent; in other cases equal to two, 
three, four, five times, &c., its equivalent weight. In other 
words, one atom of an element may displace or be substi- 
tuted for r, 2, 3, 4, 5, 6 atoms of hydrogen. This difference itj 
combining or saturating power is called Atomioity or Quanti- 
valence. 

The elements are 64 in number, and may be arranged ac- 
cording to their qoantiTalenee. They are either monads, dyads, 
triads, tetrads, pentads, or hezads; eitJier univalent, bivalent, 
trivalent, quadrivalent, quinquivalent or sexvalent. Elements 
of even equivalency are called artiads ; of uneven, perissads. 

Alphabetical Table of the Elements, Symbols, and 

Atomic Weights. 



Aluminum 


Al 


= 27.6 


Oallium 


6a = 68 


Argentum 


Ag 


= 108 


Olucinum 


G = 9.3 


Arsenicum 


As 


= 76 


Hydrargyrum 


Hg = 200 


Aurum 


Au 


= 196.6 


Hydrogenium 


H = 1 


Barium 


Ba 


= 137 


Iodine 


I =127 


Bismuth 


Bi 


= 210 


Indium 


In = 113.4 


Boron 


B 


= 11 


Iridium 


Ir = 198 


Bromine 


Br 


= 80 


Ealium 


K = 39.1 


Cadmium 


Cd 


= 112 


Lanthanum 


La = 139 


Caesium 


Cs 


= 133 


Lithium 


L = 7 


Calcium 


Ca 


= 40 


Hagnes.um 


Mg= 24 


Carbon 


C 


= 12 


Manganesium 


Mn= 66 


Cerium 


Ce 


= 138 


Molybdenum 


Mo = 96 


Chlorine 


CI 


= 35.6 


Natrium 


Na = 23 


Chromium 


Cr 


= 62.2 


Nickel 


Ni = 58.8 


Cobalt 


Co 


= 68.8 


Niobium 


Nb = 94 


Cuprum 


Cu 


= 63.4 


Osmium 


Os = 199 


Bidymium 


D 


= 144.76 


Ozygenium 


= 16 


Erbium 


£ 


= 168.9 


Palladium 


Pd = 106.6 


Permm 


7e 


= 66 


Phosphorus 


P = 31 


Fluorine 


F 


= 19 


Platinum 


Pt =197.1 
B 2 
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Alphabetical Table op the Elements, &o. — contintied. 


Flnmhnm 


Pb 


= 207 


Tellurium 


Te 


= 129 


Bhodinm 


B 


= 104.8 


Thallium 


Tl 


= 208.6 


Bnbidinm 


Bb 


= 85.4 


Thorium 


Th 


= 231.5 


Bntheninm 


Bu 


= 104.2 


Titanium 


Ti 


= 50 


Seleninm 


Se 


= 79.6 


Tungsten 


W 


= 184 


Silioiam 


Si 


= 28 


Uranium 


TT 


= 120 


Stannnm 


en 


= 118 


Vanadium 


V 


= 51.8 


Stibium 


Sb 


= 122 


Yttrium 


Y 


= 92 


Strontiam 


Sr 


= 87.6 


Zincum 


Zn 


= 65.2 


Sulphur 


S 


= 82 


Zirconium 


Zr 


= 89.5 


Tantalum 


Ta 
A. 1 


= 182 
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!he Non-Metallic Elements. 




1. Oxygen 





= 16 


9. Sulphur 


S 


= 82 


2. Hydrogen 


H 


= 1 


[10. Selenium 
'11. Tellurium 


Se 


= 79.5] 


8. Nitrogen 


N 


= 14 


Te 


= 128] 


4. Carbon 


C 


= 12 


12. Boron 


B 


= 11 


*6. Chlorine 


CI 


= 85.5 


13. Silicon 


Si 


= 28 


6. Bromine 


Br 


= 80 


14. Fhosphorus 


P 


= 81 


7. Iodine 


I 


= 127 


15. Arsenicum 


As 


= 75 


8. Fluorine 


F 


= 19 









Selenium and Tellurium, which are bracketed, are of no im- 
portance except to students of Chemistry. Hydrogen is, properly 
speaking, a metal ; but this division of the elements is only re- 
tained because of the requirements of certain Universities. 

I. Oxygen = 16. 0^ = 32. 

A dyad element. Colorless, tasteless and inodorous gas.; 
uninflammable. A great supporter of combustion. Necessary 
to respiration, decay, germination, and the commencement of 
putrefaction. The most mas:netic of gases : the diurnal variations 
of the needle referable to the effects of heat upon it. Oxygen U 
i6 X heavier than its own volume of hydrogen. One litre weighs 
1 . 43 7 granmies ; 1 1 . 1 9 litres weigh 1 6 grammes (one gramme i& 
equal to 15.4^2 grains, and one litre to i . 76 pints). Compared 
with dry air it has a relative weight or specific gravity of i . io$6 : 
one hundred cubic inciies weigh 34.29 grains at 15^.5 C. and 
30" bar. In water it is very little soluble ; 100 vols, dissolve 
2.99 vols, at is°C., and 4.11 vols, at o°C. In the free state, 
or native, oxygen constitutes 21 per cent, by measure, and 23 
pet cent, by weight of dry air. Combined with Hydrogen, in 
the form of Water OHj* it forms g of the weight of the latter. 



PREPARATION OF OXYGEN AND OZONE, n. HYDROGEN. 5 

It is a constituent of most minerals, and of a great number of 
organic compounds. 

When bodies are burnt in oxygen, they oxydize, and increase 
in weight. Thus at a temperature of 315°, Mercury (Hydrar- 
gyrum Hg) slowly oxydizes and becomes red in colour, and 
when furtiier heated gives off oxygen again. Priestley in 1774 
first prepared oxygen from mekoubio oxide. Prep. i. From 
meronric oxide HgO, by heat : 2HgO = iHg + 0^. 2. From 
manganese dioxide MnO^, by heat : manganous-manganic oxide 
Mn^O. remains. sMnO, = MrijO^ + 0^. One kilogramme 
(2 . 2 lbs., each pound of 7000 grains) of the ore will yield about 
50 litres of oxygen. 3. From barium dioxide BaOj, by heat; 
BARIUM oxide BaO remains. 2Ba02 = 2BaO -f Oj. 4. From 
hydrogen oxide OH, by electrolysis ; oxygen separates, because 
the electro-negative element, at the positive pole or platinode. 
4. From potassinm (kalium) chlorate KCIO, by lieat: potas- 
sium CHLORIDE KOI remains. 2KOIO3 = 2KOI + 3O3 (the chemi- 
cal action is more correctly : 1. 2OIO2OK = CIK + OlOgOK + 
0,. 2. ClOgOK = CIK + 2O2). [122.6 parts by weight of 
potassium chlorate will yield 48 parts by weight of oxygen. One 
hundred parts therefore : 1 2 2 . 6 : 1 00 : : 48; : a; = 3 9 . 1 5 . J For other 
methods, see also hydrogen sulphate 802(0H)2 ; manganese 
DIOXIDE MnO, ; potassium dichromate O2O7K2 ; and potassium 

CHLORATE C102(0K), p. 20. 

Ozone 0,0 = 2 vols. An allotropio modification of oxygen, or 
oxygen under different physical and chemical aspects. By 
Schonbein. Best prepared by Siemens' induction coil, in action, 
upon oxygen. Also by moist phosphorus upon air or oxygen. 
Ges of peculiar metallic odor, insoluble in water, in alkaline 
and acid solutions. Absorbed by solution of potetssium' iodide 
KI. Irritates respiratory organs. Instantly decomposed at 290° 
into oxygeJL gas ; two volumes into three. Is contained in minute 
quantities in pure air, but is instantly removed by putrescent 
matter. A grand oxydizing agent : bleaches also and disinfects. 
Iron, mercury, copper and iodine are oxydized by it, and so is 
also silver leaf if ozone moist. Best test for ozone is a paper 
soaked in solution of potassium iodide and starch : the liberated 
iodine blues the paper. Thus : 0,0 + 2KI -h OH, = 2HOK 
+ O, + Ij. 

II. Hydrogen H = 1. H, = 2. 

A monad element : the standard of atomic weights. Color- 
less, tasteless and inodorous gas, at least when pure. Inflam- 
mable when heated in air or in oxygen, burning into Hydrogen 
oxide or water OH,. The lightest of all gases. Its density as 
compared with air 0.0691. One litre weighs only 0.0896 of a 
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gramme ; 1 1. 19 litres -weigh one gramme at o°C., and 760 milli- 
metres bar. 100 c. ii. weigh 2. 14 grains. (The weight of one 
Litre 0.0896, or say 9 Centisrrammes, is called a Crith by Hoff- 
mann. In these ** Notes," preference is given to Dr. Williamson's 
standard, the weight of one Gramme of Hydrogen = t i . 19 
litres.] Hydrogen, like oxygen, has never been liqnefied. Water 
dissolves only i . 93 per cent, at 15° C. 

Meteoric iron generally contains Hydrogen, and indeed the 
latter constitutes the chief element in the atmosphere of a 
numerous class of stars. E penetrates iron and platinum tubes 
at a red-heat. Palladium toil condenses 643 times its volume of 
hydrogen below 100° C, and Palladium-sponge 90 vols. This 
absorption called Ooelosion. 

The difldsive power of Hydrogen is Ytij high. The diffusive 
power varies inversely as the square r(X)t of the density of the 
gas. Thus the respective densities of hydrogen and oxygen are 
as I to 16; their relative rates of diffusion are as the square roots 
of these numbers. The rates of EfEiusion of gases, or the rate of* 
passage through a minute aperture in a thin plate of metal or 
other substance into vacuum, follow the same law as their rates 
of diffusion. 

Hydrogen is found chiefly in combination with oxygen in 
water and in nearly all organic oompoimds. It is separated from 
HYDBOGEN OXIDE OHj, either by electrolysis, or by the action of 
certain other metals possessed of a stronger affinity. Prep, of 
hydrogen. 1. From OHj by electrolysis : as a metal or the 
electro-positive element, H, separates at the zincode or negative 
pole. 2. From watee in the form of steam, when passed over 
red-hot iron ; pebbous-perrio oxide Fe804 remains. Fe, -l- 
4OH2 = 04Fe8 + 4H2. 3. From water by the action of natbium 
(sodium) Na. sodium hydroxide NaOH is found in solution. 
Na^ + 2OH2 = 2NaOH + Hj. 4. By action of zino upon 
HYDROGEN CHLORIDE OIH ; ZINC CHLORIDE ZnClg is found in 
solution. Zn + 2CIH = ZnCl^ 4- Hg. 5. Also by the action of 
ZINC upon HYDROGEN SULPHATE SO4H2 diluted With water : zinc 
suLPHAiTS S04Zn remains. Zn + SO4H2 + water = SO^Zn -{- 
water + Hj. 

GompoTinds of H with 0. — 1. Hydrogen oxide OH, = 18. 
Water is a clear transparent fluid, colorless, but of a blue tint 
in mass. Below 0° 0. it freezes and crystallizes in rhombohedra 
and in six-sided prisms. At xoo° C, and Bar. 30" it boils, having 
a vapor possessed of the same elasticity as the air. Vapor- 
density compared with air o . 6 2 5 , compared with H = 9. Increased 
pressure raises the boiling-point, and so does also the presence 
of a solid, &o. Maximum density at 4°0. Sp. gr. of ice 0.94 
One litre of water at 4° C, weighs 1000 grammes. [One c.i. of 
water at i6°.6C., weighs 252.456 grs., and a cubic foot 997 
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oz. avoirdupois. N.B. 437'^ grs. to one oz. and 7000 grs. 
to one lb. avoirdupoie.J One imperial Gallon weighs 70,000 grd. 
or 10 lbs. avoirdupois. Water is 825^ times heavier than air. 
Latent heat of water 79° G. ; latent heat of steam at 100° G., 
^ ; 7° G. In the state of vapor, water consists of two vols, of 
H and one vol. of O condensed into two vols. Water is a great 
solvent of solids, liquids and gases, especially of the latter. As 
the air is a mixture, and the oxygen is more soluble than nitrogen, 
at 10° G. the ratio of admixture is 35 vols, of to 69 of XT. Many 
oxides unite with water to Hydroxides with great lieat: thus, 
POTASSIUM HYDROXIDE or HYDRATE KOH. Many salts (anhy- 
drous) unite with water without alteration of atomic arrangement : 
Water of Crystallisation, which is easily removed by heat. 
Cryohydrates exist ouly below 0° G. ; e.g. NH^Cl,i iGH,. Loss 
of water by a salt, Efflorescence; attraction of water, Deli- 
qnescenoe. Subt«tances of great ditifusibility called by Graham 
Crystalloids ; of low. Colloids. Separation, by Dialysis. 3. Hy- 
drogen PEROXIDE OjHj or DI-HYDROXYL. A liquid of sp. gr. 
1 .45 3 discovered by Thenard in 1 8 1 H. Besemblei chlorine ftebly. 
Begins to give off at 20° G., and the whole at 100° G., being 
reduced to water. Bleaches litmus. Oxydizes black SPb to 
white S04Pb. Oxides of silver, gold and platinum, reduced 
to metals. Silver oxide AggO + hydrogen peroxide OJSl^ = 
Ag2 + OH2 + Oj. One molecule of each is separated. Peroxides 
similarly evolve and are reduced to lower oxides. Tliis is well 
seen in- the case of ozone and hydrogen peroxide : 0,0 + O^H, 
— OH, 4- 2O2. Prep. From barium peroxide BaO^ in presence 
of WATER and hydrogen chloride. BaO, + OH^ + 2G1H= barium 
CHLORIDE GljBa + OH2 + OjHa. 

m. Nitrogen N = 14. N, = 28. 

Also called Asote. Triad element in ammonia HgN : pentad 
in N2O5 : monad in NjO. Golorless, tasteless, inodorous gas : 
uninflammable; incombustible in air, and not a supporter of 
oombastion. Discovered by Rutherford in 1772. [Lighter than 
air: 0.972. One hundred cii. at 0° G., weigh 30.935 grs.] 
11.19 litres weigh 14 grammes. 100 vols, of water dissolve 2.03 
vols, at 0° G., and 1.48 vols, at 15° G. Practically, BT is one-balf 
as soluble as 0. 

Atmospheric air is a mixture of nitrogen with oxygen, in the 
ratio, when dry, of 79 vols, of H with 21 vols, of 0. Prep. 
Dependent upon the easy removal of oxygen from air by combus- 
tion of phosphorus ; or by passing air over red-hot copper, when 
copper oxide GuO remains. 2. By heating ammonium nitrite 
HOCONH^), when water and nitrogen alone result : NOCONH^ )= 
2 OH, + Nj. 3. Also by passing Chlorine gas through solution 
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of AMMONIA H3N. Thus : 3OI2 + 2NH, = 6C1H + Nj, 4. An 
alkallQe solutioa of ftbogallio aoid CgHgOg, may also be em- 
ployed for removing oxygen from the air ; see * Organic Chemistry/ 
5. By mixing air with hydrogen, and detonating with electrio 
spark: eudiometeb. 

Compounds. Nitrogen with hydrogen. Ammonia Hjir or KH, 
= 17. Colorless, irrespirable gas, of pungent odor, exciting to 
tears. Feebly combustible owing to the hydrogen with pale 
greenish flame. Alkaline reaction. Sp. gr. of gas compared with 
air 0.5 8 9. 11.19 litres weigh 8.5 grammes. Under pressure of 6.5 
atmospheres at 13° C, into a colorless liquid. Very soluble in 
water and in alcohol. Water dissolves 11 80 times its vol. at 0° 0. ; 
898 times at 10^ C, and 727 vols, at 15^ C. Its solution in water 
is a valuable re-agent; the strongest has sp. gr. 0.88, contains 36 
per cent, by weight, and boils at 54° C. Such solution, colorless, 
completely volatile, does not precipitate calciiun hydroxide, nor 
argentum nitrate when super-saturated with hydrogen nitrate 
(absence of cbloride), nor barium chloride (absence of sulphate). 
H3N is produced in respiration, as well as in the decay and com- 
bustion of allnitrogenized bodies. Prep. From equal weights of 
ammonium chlobide CIH4N, and calcium oxide OCa : calcium 
CHLOBiDE CljCa, WATEB OH, and ammonia H3N result. 2H4NCI 
+ OCa = CljCa + OHj + 2H3K. Slaked lime or calcium hy- 
droxide CaO.OHj or CaHjOj may also be used. [Students should 
accustom themselves to various modes of writing symbols.] 

Ammonia may imite directly with certain salts of hydrogen, 
as with HYDKOOEN chlobide HCl, to ammonium chloride Nti4Cl, 
or to ammonia hydbochlobide NH3HCI (4 vols.). In water it 
behaves like a hydboxide NH^OH, in which hypothetical 
ammonium NH4 is united with hydboxyl OH. [Hydroxylamine 
VHjOH or NH3O is intermediate. It may be formed by the direct 
union of nttbogen oxide NO with H, and also by the action of 
H upon NITBIC acid NOgOH. Thus : NOgOH + 3Hj = 2OH2 
+ NHjOH. Very volatile, decomposable base. Gives grass- 
green precipitate with cupric sulphate, and decolorizes ammon- 
iacal cupric sulphate.] 

Nitrogen with oxygen. 5 compounds : N3O, NjOj, NgOg, N2O4, 
N^Oj. [NiTBic Anhydbide NgO.. Right rhombic prisms, 
brilliant, colorless. Fuse at 85° 0., boil at 113° C, and de- 
compose. With OH2 into hydrogen nitrate or nitric aoid : NjOj 
-f- OH2 = 2NO2OH. Prep, by chlobinb upon aboentum 
nitbate NO,OAg. Thus: iClg -|- 4NOjOAg = 401Ag + O^, 
+ 2K2O5.] Kitric aoid or hydrogen nitrate VO2OH or HKO, 
= 63. The ctqua fortis of the alchemists. Fuming, corrosive 
liquid of sp. gr. i .5 2 at 1*;° C, boils at 8s° C. By Cavendish in 
1785. May be called a salt of hydrogen or of the radicle 
hydroxyl, as is the case with all adds. Freezes at -40° 0, 
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Stains the skin yellow. An escharotio. Cannot be distilled 
without partial decomposition. Yellow color due to NjOj in 
eolation. Monobasic acid, as it contains only one atom of 
displaceable Hydrogen H, or Hydroxyl OH. All its salts 
soluble in water, except trisnitrate of bismutli. When the 
acid of T.$2 is boiled, oxygen and nitrous anhydride are 
evolved, the boiling-point rises to 1 2 1 ° 0, and an acid dihtils 
of composition approaching to 2N020H,30H2: not a true 
hydrate, but stable under ordinary pressures. Silver, copper, 
mercury, are changed into nitrates, with evolution of orange 
fumes, when heated with nitric acid. It bleaches solution of 
indigo in hydrogen sulphate, and in a free state browns solution 
of ferrous sulphate. Prep, from sodium nitrate NOjONa by 
distillation with sulphuric acid S02(0H)2. Thus : NO^ONa + 
SO2(0H)2 = SOjOHONa + KO2OH. Better from sodium than 
potassium nitrate, because at. weight of sodium is 23, and that 
of potassium is 3 9.1. Potassium nitrate KOjOK is saltpetre. 
Sodium nitrate NOjOKa is cubi,c nitre. Ammonium nitrate, 
NO2ONH4 is used in making nitrous oxide ONj. 2. Nitrous 
oxide, OK2 or VjO = 44' -^^ monoxide or laughing gas. 
Colorless inodorous gas, of sp. gr. 1.527. Sweetish smell 
and taste. 100 vols, of water at 0° C. dissolve 130 vols, of 
the gas. Under pressure of 50 atmospheres at j° C, reducible 
to a colorless liquid, which freezes at — 99° C, and boils 
at — 92° C. The gas supports combustion. Much used as 
ansBsthetic in dentistry. By repeated heating into 2 vols, of 
N. and i vol. of O. When potassium heated in it, potass- 
oxide OK2 and N2 result. Prep, of the gas : i. By heating 
ammonium nitrate NO2ONH4 above 2 30° 0., it breaks up mU> 
water and nitrous oxide : NO2ONH4 = 2OH2 + ONj. 2. By 
dilute nitric acid upon zinc; zinc nitrate, water, and nitrous 
oxide result. loNOgOH + 4Zn + nOH^ = 4KNO2), OjZn] 
+ ON2 4- nOHg 4- 50Hg. 3. Nitric oxide or nitrosyl 
WO = 30. A colorless gas of sp. gr. 1.039. Irrespirable, 
suffocating. Very stable. Supports burning of lighted phos- 
phorus. Absorbed by Ferrous sulphate SOgO-Fe to olive- 
brown compound 2[S03(02Fe)],;fi'0. Neither acid nor alkaline. 
A test for free oxygen, with which it unites to nitrogen 
TRioxiDE N2O3, or nitrogen peroxide NO2, according to the 
amount of oxygen employed, witti production of orange-colored 
gas. Prep, of NO. By the action of Cu upon hydrogen 
nitrate : copper nitrate, water, and nitrosyl result. 3CU -f 
8NO2OH = 3 r(N02)202Cu] 4- 4OH2 + 2NO. 4. Nitrogen 
TRIOXIDE, or Nitrous anhydride NjOj. At — 18°, a thin, 
mobile blue liquid, which gives off orange vapors. At ordi- 
nary temperatures a vapor, prepared by mixing four volumes 
of Nitrosyl NO with one volume of oxygen 2NO 4- = N^O,. 
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Mixed with little water, into nitrous aoid NO(OH). Thas : 
N,0, + OHg = 2XrO(OH). But, with more water, into nitric 
oxide or nitrosyl and nitric acid. 3N,0, + OH, = 4NO + 
2NO2OH. Prep, as above. [Also by nitric acid upon arse- 
nious anhydride As,0,. TIius : As^O, + 2NO2OH + 2OH, 
= 2[AsO(OH)J H-NjOj], Ammonia bi'comes nitrous acid 
in contact with heated platinum or platinum black. Copper 
also effects the change in presence of air. Acidulated solutions 
of nitrites bleach permanganates. Nitrites detected by added 
hydrogen chloride with starch and potassium iodide. Dilute 
hydrogen sulphate, together with ferious sulphate mny be em- 
ployed: immediate browning. 5. Nitrogen peroxide NO, 
= 46. In prismatic crystals, which melt at — 9° C. to a 
mobile liquid of greenish-yellow tint ; boils at 22° C. Vapor 
red-brown, deepening with rise of temperature. Indeed, at 
low temperatures it is a tetroxide N2O4; at hiojher, above 
154° 0., a dioxide or peroxide NO^. Largely contained in 
the nitrous acid of commerce^ Decomposed by little water, so 
as to yield nitric and nitrous acids, 2N0j + OH, = NO,OH 
-f NOOH. Bv excess of water, into hydrogen nitrate and 
nitrosyl : 3 NO, -f OH, = iNOjOH + NO. Prep. t. By 
mixing 2 vols, nitric oxide with i vol. of oxygen NO -f- O 
= NOj. 2. By heating lead nitrate (N02)202Pb to strong 
redness in a retort 2[(N02)202Pb] = 20Pb + Og + 4NO2. 

lY. Carbon C =12. 

A tetrad element, whose natural condition is that of a solid 
body. Native in two dissimilar, allotropio modifications. 1. As 
Diamond, sp.gr. 3.33 to 3.55. In forms belonging to the 
regular system. Insoluble in all media and infusible. The 
hardest of all bodies, cut and polished by its own powder. 
Lustrous and of high refractive power. A non-conductor of 
electricity. Heated in voltaic arc, it swells up, resembles coke 
in appearance, and becomes a conductor of Electricity. 2. As 
Graphite or Plumbago of sp. gr. from 2.55 to 2.15. In powder 
known as black lead. Either massive, or in six-sided plates 
belonging to rhomliohedral system : hence is Garbon dimorphous, 
as it crystallizes in two irreconcilable geometrical forms. Metallic 
lustre, friable, unctuous to the touch, and leaves black mark upon 
paper. Very hard. An excellent conductor of electricity. Used 
for protecting iron from rusting, and for lubricating machinery. 
When acted upon by nitric acid and potassium chlorate, into 
graphic acid GiiHfO^; Hiamond, similarly treated, not acted 
upon. As amoiphouB Carbon or lamp-black, a third artificial 
variety of carbon must be mentioned. It is the basis of printi- 
ing-inks, and is readily produced by the incomplete oombustioiji 
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of resinous bodies, rich in carbon and hydrogen. It may also 
be considered tlie light-giving principle in flames. Wood- 
oharcoal, coke and soot, are also impure vurieties of carbon. 
Strongly antiseptic: Gataplasma carboniB. Decolorizing. All 
amorphous ynrieties of carbon, wlien heated with nitrio aoid 
and potassium chlorate, are dissolved to brown solutions. 

CompcTindB. Carbon with Hydrogen, r. Acetylene, or Ethine 
CjH, = 26. Colorless gas of peculiar odor, burning with 
smoky flame to carbonio anhydride GOj and water OH,. Two 
vols., CjHj, requiring five vols, of O for complete combustion. 
Prep. A constituent of coal-gas, and always produced in the 
incomplete combustion of methane GH^ and ethene G2H4. 
Also, by synthesis of its elements. 2. Methane GH4 = r6. Also 
called marsh-gas, light carbonetted hydrogen and fire-damp. 
Colorless, inodoro.us, tasteless gas, scarcely soluble in water. 
Inflammable, burning into OH, and COj, requiring twice its 
volume of oxygen and 10 x its volume of air. Is the first of the 
paraffins, see * Org. Chemistry.' As to quantity, is most largely 
present in coal-gas. Prep, by heating sodium acetate CH^COO Na, 
with SODIUM HYDROXIDE HONa ; 80DIX7M carbonate CO(0Na)2 
and METHANE CH4 are alone produced. [Excess of CI, in ex- 
posed light converts CH4 into CCI4 and 4HOI. Moist CH^ and 
4Cl2(+20H2) in diff'used light into CO, -f- 8HC1.] 3. Ethunb 
C2H4 = 28. Also ethylene, and olefiant gas. Colorless, trans- 
IMrent, of faint alliaceous odor. Liquefied under gceat pres- 
sure. Bums with white flame into CO, and OH,. One vol. 
requires three .vols, of for complete combustion. C2H4 -I- 30, 
= 2CO2 -f- 2OH,. Soluble in twelve times its bulk of water. 
Contained in ooal-gas. Prep. a. From ethine C2H2 by na&oent 
hydrogen. CgHj -f- H, = CjH^. 6. From ethylic alcohol 
CjHgOH, by a desiccator or dehydrant. Q^HfiiR - OH, = CjH^. 
nSTHENE CjH^ unites directly with CI, to ethene dichloride 
C2H4CI, or Dutch liquid. Colorless, aromatic liquid, of sp. gr. 
1 . 28 at 0° C.J 4. BuTYLENE C^Hg =56. Also, Oil-gas. Color- 
less gas, liquid at 0° C. Polsrmerio with ethene ; the same per- 
centage composition, with different condensation in the molecule. 
— Garbon with Oxygen, i. Carbon oxide or carbonic oxide 
CO = 28. Transparent colorless gas, of sp. gr. 0.967. 100 vols, 
of water dissolve 3.28 vols. ato°C., and 2.43 vols, at 15° C. 
Irrespirable ; uninflammable. Bums with blue flame into CO,. 
[Absorbed by K, at 80° C, and forms KjCjO,. Solution of Cu,^^ 
also absorbs it, and forms CO, CU2CI2, 2OH2 in scales. As the 
residue of CO2 after abstraction of O, it constitutes an impor- 
tant dyad radicle, carbonyl GO, in organic bodies.] Contained 
in coal-gas, &c. Prep, a. By heating CO2 with C = 2GO. 
h. By heating zino or ferrum in CO,. Zn -f CO, = ZnO 4- GO. 
c. By heating CO, and H, together : = OH, + GO. d. By 
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heating oxalic acid C202(0H)2 with a desiccator : = OH, + 
CO2 + CO. 2. Cabbonio anhydbide, or cabbon dioxide CO2 = 44. 
Colorless, transparent gas, of faint acidulous taste and smell. 
Sp. gr. 1.52. One hundred c.ii. weigh 47,445 grs. at 15°. 5 C, 
and 30" bar. Very injurious to life, but less so than carbon 
oxide. At 15^.5 0. water dissolves its own measure of the gas, 
and an additional volume for each additional atmosphere. As 
it is fully burnt, it is of course uninflammable ; employed as an 
extinguisher of combustion. Under a pressure of 38.5 atmo- 
spheres at oP 0. into a colorless, limpid liquid, lighter than 
water ; then into a snow-white solid by its own evaporation. It 
is contained in the air to the extent of 0.035 P^^ cent.; in 
respired air to 3*5 per cent. Product of combustion of all 
bodies containing carbon, and a result of decay, germination, 
fermentation, and putrefaction. Its salts are called carbonates. 
No known combination with water, but hypothetical cabbonio 
ACID G0(0H)2 is a dibasic acid, containing two atoms of hy- 
droxyl. Most carbonates are insoluble in water, and they all 
effervesce on the addition of most acids. Prep, a. By heating 
CALCIUM CABBONATE COCOjCa) or CaCO, to redness, it breaks up 
into CALCIUM OXIDE GaO and cabbonio anhydbide OO2. b. By 
burning in O2 = COj. 0. By adding hydrogen nitrate to cal- 
cium carbonate : calcium nitbatb [(N02)202Cal» wateb OH^ 
and CABBONic anhydbide CO, result. Thus : 2HNO, + CaOO, 
= Ca2N03 + OHj + OO2. Cabbonio anhydbide combines 
readily, and is therefore quickly absorbed by potassoxide or 
calcium oxide, or their hydroxides : e.g. OKj + CO2 = C0(0K)2. 
KOH + CO2 = CO(OKXOH). CaO + CO, = CaCCOj. 

Carbon and Nitrogen. Cyanogen C^V^ = 5^. Cyanogen is 
a colorless gas, of odor resembling peach-blossoms. Sp. gr« i . 8, 
or 26 when referred to H. Inflammable with color of peach- 
blossoms into CO2 and N,. One vol. requires 2 vols, of O for 
complete combustion. At 7°. 2 C, under pressure of 3.6 atmo- 
spheres into colorless liquid. Water dissolves 4 x its volume. 
Always produced as a cyanide when various metallic oxides are 
presented at a red-heat to N or to nitrogenized compounds. 
Prep, a. Heating mebcuric cyanide HgCjNj : into Hg, cyano- 
gen C2N2 and paba-cyanogen, a polymeric modification of 
cyanogen, h. Passing air over potassium carbonate mixed with 
charcoal and contained in a red-hot tube : C0(0K)2 + Nj + 
4C = 3CO + 2CHK. Then potassium cyanide CNK, with water 
and mercuric oxide OHg, gives potass-hydroxide and mercuric 
cyanide. Cyanogen, a good illustration of a radicle, or an un- 
saturated carbon residue. Cabbon, a tetrad, united with triad 
NiTBO GEN, as Cyanogon, is a monad radicle. Hydbogen cyanide 
CKH, is prussic acid, a mono-basic acid. A colorless, trans- 
parent liquid, very volatile, intensely poisonous : oppression and 
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constriction of fauces. Ammonia and water, best antidotes. 
Vapor inflammable. One vol. CN and one vol. of H united to 
2 vols, in prussic acid. Potassium burns when h eated in it, and 
displaces H. Prep. From potassium cyanide CKK by dilute 
sulphuric acid S02(OH)2. Thus : CNK + S02(OH)2 = CKH + 
POTASSIUM HYDROGEN SULPHATE SOjOHOK. Soo 'Organic 
Chemistry.* 

y. Sulphur 8 = 82. 8, = 64. 

A dyad element, found native in Sicily and on the coasts of 
the Mediterranean. Pale-yellow, brittle, solid, of sp. gr. 2.045. 
Melts at 1 14°. 5 C. into pale amber-colored liquid. Insoluble 
in water. Crystallizes from solution in Carbonic sulphide CSj, 
as octahedron with rhombic base ; the form of native sulphur. 
pt is also very soluble in sulphur dichloride i^2^h^ ^ benzene 
CgHg, and boiling turpentine C,o H,e ; little in ethyl alcohol 
CjH^OH, and still less in ether C4H,oO, and in chloroform 
CHCl,.] Heated beyond melting-point, darkens, thickens, and 
at 240° C, or so, is so tenacious that vessel may be upturned 
without loss. Then thin fluid again, and boils at 446° C. 
Sulphur sublimed ; flowers of sulphur. Heated in air to 260° C. 
it bums with violet flame to sulphurous anhydride SO,. Both 
allotropic and dimorphous. If native sulphur be melted and 
crystallized it separates in oblique prisms. Sp. gr. i . 98. Soluble 
in the same agents as the native. If either the native or pris- 
matic variety (electro-negative) be heated to 250° C, or so, 
and poured into water, a third modification, the amorphoiu or 
duirtile variety is obtained. Sp. gr. 1.957. Insoluble in all 
agents : electro-positive. Also a red and a black variety ; the 
more frequently heated to ^15^ C, and cooled, the more of the 
black is obtained. Sulphur forms Bulphides with the metals. 
Iron-pyrites is Ferrous di-sulphide FeSj. Magnetic pyrites 
Jtefif^. Cobalt-glance CoSAs. Nickel-glance KiSAs. Zinc- 
blende ZnS. Greenoceitb CdS. Galena Fb8. Silver-glance 
AgjS. Cinnabar HgS. Copper-pyrites PeCaS,. Grey anti- 
mony ore or antimony-glance Sb^Sg. Obpiment ASjS,. Beal- 
GAB AS282. Prep. a. Native, by simple fusion from blue clny. 
Cast in moulds, as Tablund or prismatic Sulphur, h. Heating 
iron-pyrites in absence of air. sFeSj = FejS4 -f- 8^. 

H.B. — Vapor of sulphur anomalous. Molecular volume 
below 816° C., 8,; above 1040° C, 8,; as compared with air, 
its vapor-volume is respectively 6.617 &i^d 2.214. 

Compoundfl. Of 8 with H. i. Hydrogen sulphide 8H2 = 34. 
Also sulphuretted hydrogen and rotten egg gas. Colorless 
gas, of offensive odor. Not irritant ; narcotic. Sp. gr. i . 1 7. 
Water at cP C, dissolves 4.37 times its volume ; at 15° C, 3 . 23 
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vols. Solution feebly acid, reddens litmns, and is an importcmt 
test. When SHj heated with tin, same Tolnme of hydrogen re- 
mains as of gf)s. Bums with blue flame into water OH2 and 
sulphurous anhydride SOj. Three vols, of O required for com- 
plete combustion of SH,. Blackens lead-paper. Under pressure 
of 17 atmospheres a liquid. Solid at —86° C., boils at —62° C. 
A constituent of Harrogate water. Emanates from sewers. 

In acid solutions frH, precipitates Pb, Cu, Cd, Hg, Ag, An, 
Ft. Fd, Sb, As, Su, and Bi, as sulphides. Thus : SOgOoCd + 
SH, 4- OH, = SOaCOH), -I- CdS,OHj. Prep, of 8H,. a.' From 
PKRROUS SULPHIDE SFc by dilute sulphuric acid S02(OH)2. 
FeS + SOj(OH)j + nOH, = SOjCOjFe) + 8H, + wOH^. h. From 
ANTmoxous SULPHIDE SjSbj and hydrogen chloride CIH, 
we obtain antimonous chloride ClsSb and SH,. Thus : 
S,Sb2 + 6G1H = 2CI,Sb + 3SH2. [Hydrogen persnlphide S^E, 
= 66. An oily liquid, of yellow color, analogous to OgH,. 
Very unstable.] BiUphur and Oxygen, r. SolphnroTis anhydride 
or sulphur dioxide SO, = 64. Colorless gas, pungent, irre- 
spirable, suffocating ; ever formed when 8 is burnt in air. Em- 
ployed in bleaching flannel and straw, €md as a disinfectant. 
8p. gr. 2 . 2 1 . 1 00 c.ii. weigh 68.69 grains. At — 1 7° . 8 C, liquid. 
Unites with OH, to sulphurous acid 80(0H)2 or H28O,. Forms 
a hydrate S0(0H)2)70H2. Soluble in water. 100 measures take 
up 68.8 measures at o^, and 43 . S measures at 15°. 5 0. Can be 
collected over mercury or by displacement. Decomposes SH,. 
Thus : T08O2 + 10SH2 = 2H2S50e + 5S2 + 80H,. [Decom- 
poses KMn04. Thus : 2KMn04 + sBO, + 2OH2 = K2SO4 -h 
iMnSO^ + 2H28O4.] Prep, a. Burning 8 in air or in Oj. 
h. Also by roasting iron-pyrites in air. 4FeS2 + iiOj = 2Fe20g 
+ 8SO2. c. By boiling copper or mercury with sulphuric 
acid ; mercuric sulphate, water, and sulphurous anhydride 
result. Cu + 2S02(OH)2 = SO2O2CU + OH2 -\- SO^ d. By 
heating charcoal with sulphuric acid. C + 2[S02(OH)2] = 
CO2 + 2OH2 + 28O2. Sulphites. Sulphurous acid dibasic. 
Alkaline sulphites soluble. Ordinary acids decompose them. 
Beducing agents. 2. Snlphnrio anhydride 8O3 = 80. In white, 
silken needles. Sp. gr. i .946. Melts at 18^. 3 C, and boils at 
35° C. Great aflinity for water. Soluble in all- proportions in 
S02(OH)2. It is contained in Nordhausen sulphuric acid, a 
brown fuming liquid of sp. gr. 1*9. 80, can be prepared by 
passing SO2 4- O through red-hot tube filled with spongy plati- 
num. Generally by heating almost dry ferrous sulphate, which 
gives Nordhausen sulphuric add SO„S02(OH)2, from which 80, 
by gentle heat. Thus : 4(804re) + B.fi = 2Fe203 + 2SO2 -f 
808,80.X0H)2. 3. 8nlphnric add or Hydrogen sulphate H2SO4, 
= 98 or OHj^SO, or SOjCOH), ; the latter preferred, as it is a 
di-basio acid of first importance, and contains the dyad radicle 
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SOj. " Oil of vitriol." Heavy liquid of sp. gr. i . 848. Solid at 
— 26°C. Boils and distils at 338° C. Chars organic bodies ; 
great desiccator and dehydrant. Great affinity for water, form- 
ino; two hydrates. BOzCOK^^fi of sp. gr, i . 78, freezes at H° . ? C, 
hence glaciul sulphuric acid. S02(0H)2,2B20 a further hydrate, 
of 1 . 62 sp. gr. Used in making SOg ; NO,OH ; CIH ; COj, &c. 
Sulphates ; all soluble except of Barium, Strontium, and Lead. 
Sodium sulphate S04Na2,roOH2, is " Glauber salt." Barium 
SULPHATE S04Ba is ** Heavy spar." Strontium sulphate 
S048r is " Celestine." Magnesium sulphate 804Mg,70Hj is 
"Epsom salt." Zinc Sulphate S04Zn,70H2 is "Zinc vitriol." 
CuPRio SULPHATE S04Cu,sOH2 is " Blue vitriol." Lead sul- 
phate S04Pb is " Lead vitriol.' Prep, of oU of vitriol S02(0H)2. 
In leaden chambers. At the Felling works these are 280' long 
by 20' wide and 18' high. The essentials in the manufacture 
are : SOj : ^OfiK : Hfi and O2 from the air. Simr)lest intel- 
ligible changes may be thus stated, a. SO2 + 2(N020H) = 
802(0H)2 4- 2NO2. h. SO2 + NO2 + H2O = NO + S02(0H)2. 
c. NO + O = NO2. Thus a limited supply of nitric acid 
changes an almost unlimited amount of SO2 into S02(OH)2. 
The acid on the floor is the second hydrate somewhat diluted. 
By evaporation in leaden pans, it becomes first hydrate ; beyond 
this pomt the concentration is conducted in vessels of glass or 
platinum, till, by the further loss of water, we obtain oil of 
vitriol, boiling at 333°, when the operation is stopped. 4. Thio- 
Bulphnrio aoid 8S0(0H)2 = H2S2O, = 114. Unlmown in free 
state, as on addition of an acid to one of its salts, it breaks up 
into OH2+SO2 + B, which is precipitated. Formation of jts 
sodium salt, by digesting solution of sodium sulphite SOCONa), 
with S=SS0(0Na)2. Sodium thiosulphate SSO(ONa)2,5H20 
is the common hyposulphite of soda used in photography, and as 
antichlore for removing traces of chlorine from bleached goods. 
Dry salt, heated in close vessels ; 4Na28208=Na285 + 3Na2S04. 
[5. HvposuLPHUROus ACID 8(0H)2 or HgSOj. Orange-yellow, 
rapidly decomposing. Zn dissolves in solution of sulphurous 
acid, and affords a yellow solution of zinc hyposulphite. 6. Di- 
thionic aoid S204(0H)2 or "H^Bfi^ = 162. Is more stable. Its 
manganous salt, by passing SO2 through MnO, suspended in 
water = S20402Mn. If temperature allowed to rise, we obtain 
S0202Mn. IHtMonates all soluble. When heated with an 
acid, SO2 evolved, but no S is deposited. On conr'entration 
of the acid, it breaks up into S0(0H)2 and SOgCOH),. 

7. Trithionic acid S304(0H)2 or HgSsOe, in prismatic crystals, 
easily decomposing into S, SO2 and S02(OH)2. Potassium salt, 
by potassium hydrogen sulphite with flowers of sulphur. 

8. Tetrathionic acid S404(0H)2, readily breaks up, by boiling, 
into Sj, SO2 and SOjCOH),. 9. Pentathionto acid 8a04(0H)2. 
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Unstable acid, prepared by passiDg a current of SH, thronprh a 
solution of snlplmroiXB add S0(0H)2. Thus: ioSK; + JcSOCOH), 
= 58, + 18OH2 4- 2B«04(0H),.] 

So then we have : Hyposulpharons add SCOH),. Sulphnrous 
add S0(0H)2. Sulphuric acid SOjCOH),. Thiosulphuiic add 
8S0(0H)2, or sulphuric acid in which S displaces O. Dithioxiic 
add SjOfCOH),. Trithionic acid SsOiSCOH),. Tetrathionic acid 
BjOfi^GK)^. Fentatliionic acid Sfifi^(OE\' AH dibasic, and 
containing two atoms of hydboxyl OH. 

Sulphur and Nitrogen. SjNj. Golden-yellow rhombs, insoluble 
in water. Explodes when heated to 157° C. Of faint odor 
and irritating. Obtained by passing dry NH, through solution 
of S2CI2 in carbonic sulphide CSj. 

Sulphur and Carbon, a. Garbonous sulphide CS = 44. A 
brown powder, of sp. gr. 1.66. Insoluble in water, benzene, 
sdcohol and ether, slightly in carbonic sulphide, h. Carbonic 
sulphide CS2= 76. Transparent colorless liquid, of sp. gr. 1.272, 
of great refractive power. Boils at 83° C. Very inflammable, 
burns to COj and SOj. When pure (after long agitation with 
mercury) of ethereal odor ; generally repulsive like cabbage 
water. Great solvent of sulphur, phosphorus, iodine, caout- 
chouc, oils, &c. Unites with metallic sulphides to Sulphocar- 
bonates. Prep, of CSj. By passing the vapour of 8 over red-hot 
charcoal contained in porcelain tube. 

Sulphocarbonic add CS(HS)2 or H2C8^ answers to the presence 
of sulphoxyl instead of hydroxyl : from the' ammonium salt by 
dilute acid. When CS, is heated with water in a sealed tube, 
into OOj and HjS. With nascent H, into CSHj and SHj. 
Exposed to light into CS and S which dissolves in CS,. 
[Carbon oxysulphide COS is a gas of sp. gr. 2 . 104, soluble in its 
own volume of water. Absorbed by potasshydroxide as readily 
as CO2, and liberated by weak acids. Prep, a. by direct com- 
bination of CO with 8 in vapor, in passage through red-hot 
tube. 6. gentiy heating SO, with CSj = 8 -f- SO, + COS. 
c. from hydrogen sulphocyanate by water : CNSH + OH, = 
NH, -f- COS.] 

[VI. Selenium Se = 79.6. ^ = 159.] 

Selenium is a dyad element in hydrogen selenide, SeH,. 
By Berzelius in 181 7. Never native. Greatest analogy to 
sulphur. A reddish-brown solid, of imperfect metallic lustre, 
somewhat translucent. Sp. gr. 4.3. Melts above 100° O, and 
boils at 543° C. Insoluble in water and in alcohol ; slightly in 
OS2. Soluble in sulphuric acid. Many allotropic varieties ; 
odor, as of decayed horseradish when heated in air. Seleninm 
and Hydrogen. Hydrogen sdenide SeH, = 81.5. Colorless 
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inflammable gas, of very offensive odor. Soluble in water, 
and precipitates SelenicLBS of metals. Se and 0. Selenions 
anhydride SeOj =111.5. In snow-white needles. Either by 
burning Se in O or by nitric acid upon selenium. Selenious 
ACID 8eO(OH)2, is readily reduced by S0(0H)2, depositing Se. 
Also by Zn or Fe. Alkaline selenites soluble. Selenic acid 
Se02(OH)2 = 145.5. Resembles sulphuric acid. Prepared 
from lead selenate by SH,. Carbonic selenide C^,. A pungent 
liquid resembling CS,.] 

[Vn. Tellurium Te = 128. Te, = 256. 

Rarely native in Hungary. Discovered bv Mueller in 1782, 
and by Elaproth, in 1 798, named Tellorinm. Chiefly as telluride 
of silver, gold, copper, bismuth and lecwL Analogous to sul- 
phur and selenium. Lustrous like silver; brittle. Rhombo- 
hedral crystals. Sp. gr. 6.26. Mel£s below red-heat. Bad 
conductor of heat and electricity. Burns when heated in O, 
with blue flame edged with green to tbllurous anhydride 
TeOj. Hydrogen telluride TeH^ = 130. Gas, of sp. gr. 4.55. 
Burns with blue flame. Soluble in water; reddens litmus, 
and oxydizes slowly depositing tellurium. Two sulphides. 
TeSj and TeS,. TeUnrouB anhydride TeO, = 160. Fuses easily. 
Yellow whilst hot. When tellurium is boQed with NOgOH, 
and then the solution poured into water, tellurous acid 
Te0(0H)2, is deposited as a bulky powder. By heat into OHj 
and TeO^. Telluric acid Te02(0H)2,20H2 in strinted, 6-sided 
prisms. By oxydation of tellurium with potassium nitrate, 
potassium tellurate is obtained. Whether as tellurite or tellu- 
rate, tellurium is thrown down from its solutions by Zn or Fe. 
Tellurates of alkaline metals reduced by Charcoal at a red-heat 
to tellnrides.] 

Vni. Chlorine Gl = 85.5. Clj = 71. 

Not native. Discovered by Scheele in 1774. Occurring in 
various chlorides. As potassium, sodium, calcium and magne- 
sium chlorides in sea-water. Monad element, discovered by 
Scheele in 1 7 74. Yellowish-green, x^f^P^^i gas> uninflammable, 
irrespirable, suffocating. (Antidotes: weak ammonia, and 
dilute alcohol.) Sp. gr. 2.47. 100 c.U. weigh 76.5 grains. 
Under pressure of 4 atmospheres at 15°.$ C, a yellow liquid of 
sp. gr. 1. 3 J. Water dissolves 2.37 times its vol. at 15° C. 
Aqua chlorata. It also unites with water at 0° to a solid 
hydrate Cl^ioOHj. In presence of light. Chlorine decomposes 
water, with separation of oxygen. Its affinity for H and other 
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metals is very great. Many metals take fire in Gl gas : nearly 
all are tarnished, therefore Gl cannot be collected over mercury. 
Chloridee formed. Gl bleaches and disinfects : it decomposes 
at once many Hydrogen compounds. Thus: 2Gl4+2SHj= 
4HGI + Sg. Again, in light : 2OH, 4- 2GI, = 4GIH + O^ 
Hence also an oxydizing agent. Thus : Gl, + SO, + 2OH2 = , 
aClH + S0g(0H)2. All CHLORIDES soluble in water, except of 
SILVER CLAg, Hud LEAD ClfFb. Frep. of CUorine. a. by action 
of oh]ori(ie of hydrogen GIH, upon manganese dioxide MnO,. 
Thus; MnOj + 4GIH = manoanous chloride Gl^Mn + water 
'iOHj + CHLORINE CI,. 6. by Weldon's process, manganous 
chloride MnGls, is precipitated by hot milk of lime or mag- 
nesia, and a stream of hot air blown througli. First, munganous 
hydroxide is precipitated, and this with O from hot air convei-ts 
manganous hydroxide into manganese dioxide MnO^ united 
with the CALCIUM oxide GaO, or magnesium oxide MgO as 
CaOtMnOg or MgOyMnOj. When heated with hydrogen chloride, 
MAGNESIUM CHLORIDE MgGl,, or CALCIUM CHLORIDE GaGl,, to- 
gether with WATER, are formed, and the further action as de- 
fecribed above between MnOj + 4GIH = Gl^Mn + 2OH2 + d,. 
c. Deacon's process. , By passing a mixture of hydrogen 
chloride and air over cupric sulphate heated to 370^-340 G* 
The action of the metallic salt one of contact-actions, d. From 

SODIUM CHLORIDE NuGl, MANGANESE DIOXIDE MnO, and SUL- 
PHURIC ACID SOaCOH)^. Manganous sulphate SOjOgMn, 
sodium sulphate SOgCONa),, water OH^, and chlorine Gl, 
result. Thus ; MnO, + ^NaGl + jSOsCOH), = SO,(OjMn) + 
SOgCONa), + 2OH2 + CI2. Compounds. CI with H. Hydrogen 
(ddoride C9H. Hydrochloric acid or muriatic acid. GIH = 36 . 5. 
Golorless, pungent, incombustible gas, of sp. gr. i . 269. 100 
cii. weigh 39*23 gmins at 15°. 5 G. Intensely acid taste. 
Under pressure of 40 atmospheres at 10° G., a colorless liquid. 
By condensing moisture, fumes in air. Very soluble in water, 
which at 0° 0. takes up 500, and at 10° G. 472 times its vol. 
The solution in water long known. Sp. gr. of solution i .22,,is 
colorless, fuming, with 44 per cent, of the gas, answering to 
GIH, 3OH,. ^o real hydrate. When heated, GIH is given off, 
sp. gr. sinks to i . fi, contains about 20 per cent, of the gas and 
may be distilled. This acid corresponds to GIH, SOH,, but is 
no true hydrate. The only true hydrate G1H,20H2, obtainable 
in crystals at low temperatures. Gommon muriatic acid is 
yellow from the presence of ferric chloride, and also contains 
sulphuric acid. The pure solution leaves no residue upon 
platiuum. Silver nitrate N020Ag gives with Gl, GIH and 
other soluble chlorides a white curd-like precipitate of silver 
CHLORIDE AgGl, insoluble in NOgOH, soluble in NH,. Prep, of 
CIH. I. By union of Gl and H, in equal volumes, in sunlight 
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or by a light. Olj + Hj = 2CIH. 2. From sodium chloride 
ClNa by sulphuric acid S02(0H)2; ClNa + SOaCOH)^ = 
SOgOHONa + (JIH. Action of CIH upon . metals. Upon 
monads. K, + 2CIH = 2CIK + H^. Upon a dyad. Mj? + 2CIH 
= CIjMg + Hj. Upon monad-oxides. K-O + 2CIH = 2KOI 
+ H,0. Upon dyad-oxides. ZnO + iClH = ZnClj + H^. 
Upon triad-oxides. Fefi^ + 6HC1 = FcClg + 3H2O. Upon 
tetrad-oxides. SnOj + 4CIH = SnCl^ + iH^O. Action of HCl 
upon HYDRATES. KOH + HCl =KC1 + H^O. BaO.OH^ + 
2 HCl = BaCla + aOH,. FejO^.sOH^ + 6C1H = Fe^Cl^ + COH,. 
Upon PEROXIDES like MnO^ ; PbOj, — not basic. 4CIH + MnOj 
= 2OH2 + MnClj + Clj. Aqua regia or nitro-mnriatio acid is 
a mixture of HCl with NOgOH, evorvihg CI,, a great solvent of 
gold, platinum, &o., chlorides of which are thus obtained. 
Chloro-mtrio gas NOCl,, formed same tune. 6C1H + 2NO2OH 
= 2N0Clj + 4OH2 + Clj. Only J of the CI obtained. In 
chloro-nitric gas, Clj takes the place of O in NOg. Lemon- 
yellow gas, forming red, fumin^: fluid below — 7° C. Chloro- 
nitrous gas NOGl, by mixing NO with CI, condensed into two 
vols. CompoundB of Gl with 0. a. HypoohlorouB anhydride 
OCX, = 87. Gas of pale-yellow color, analogous to OHj. 
Condensable into deep-red liquid. Prep, from mercuric oxide, 
by action of Cl^. Mercuric oxy-chloride HgOjHgCli and 
OClj result. Thus : 20Hg -|- 2CI2 = 0Hg,Cl2Hg + OCl,. One 
vol. of water absorbs 200 vols, of OClj, and forms Hypochloroos 
aoid GIOH. Yellow color, acid, and sweetish smell. Great 
bleaching agent. Decomposed by CIH. Thus : ClOH + CIH 
= OH2 4- Clj. Hypochlorites. Prep. a. by passing Clj through 
hydroxides at low temperatures. 2HOK -f CI, = CIK + ClOK 
■f OH2. h. by saturating ClOH with the respective metallic " 
oxide, c. by distilling calcium hypochlorite Ca(^0Cl)2, with 
dilute sulphuric acid. 2Ca(0Cl)2 + S02(OH)2 = CljCa -f 
S0202Ca -f 2GIOH. d. passing Clj into water in which, say, 
calcium carbonate COCOaCa) is diffused. 2CI2 + OHg 4- COjCa, 
= CO, 4-Cl2Ca + 2CIOH. Chloride op lime is &2eac^tn^ powder. 
Consists mainly of calcium oxy-chloride Cl20Ca mixed with 
unaltered calcium hydroxide (0H)2Ca. According to Kolb, 
it. consists of Ca3H,OQCl4, and is decomposed by water into 
calcium hypoohloritb Cl20Ca, calcium chloride CljCa, cal- 
cium HYDROXIDE (OHjgCa + 2OH2. The dry chloride of lime 
gives up no calcium chloride CljCa to alcohol : hence not 
contained, but produced by water. HCl can be changed into 
HOCl by nascent oxygen, derivable from KMn04. [&. Chlorous 
anhydride CI2O3 = 1 19. Or 0(0C1)2. Gas of deep greenish- 
yellow color, condensable to deep-brown mobile liquid. Water 
dissolves 10 x its volume. Dangerous compound. Prep^ 
action of hydrogen nitrite NO(OH) upon potassium chlorate 

G 2 
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CIOO(OK). Thus : 2NOOH + 2C100(0K) = 2NO2OK + OH, 
+ 0(0Cl)2. With water forms chlorous acid 0CI(0H) orHClOj. 
Addition of AsgO, + NO^OH to chlorites does not destroy 
their bleaching powers, as it does those of hypochlorites. 
0. Chlorine peroxide, or ^ozide CIO, = 67.5. GaSi of very deep 
yellowish-green color ; at — 20° C. a red fluid. Water dissolves 
20 times its bulk. Explodes above 60° C. Must be collected by 
displacement. Prep, by action of sulphuric acid (3) upon potas- 
sium chlorate (2) = 2C10a + KCIO4 4- OH2 + 2OSO2OKOH). 
d. Chloric acid GlOjOH = 84. 5. Anhydride unknown. Syrupy 
liquid of faitit chlorous odor. Very acid. Decomposed oy 
organic matters. Monobasic. Easily prepared from barium 
CHLORATE Ba2G103, by dilute sulphuric acid. All chlorates 
soluble in water. When Clj is passed into potassium hydroxide, 
and the temperature allowed to rise, water, chloride and -chlorate 
of potassium result. 6H0K 4-3CI2 = 3OH2 -f 5CIK + ClOjOK. 
When chlorate of potassium is heated to 3 70° C, it fuses, and 
is converted into potassium chloride KCl and O, by sufficient 
heat. SOjCOH), evolves CIO, with its peculiar odor. CIH 
evolves euchlorlne, a yellow explosive gas consisting of 201,05, 
01,0,. [e. Perchloric acid dOgOH = 100.5. Colorless 
volatile liquid, and most powerful oxydizing agent. A hydrate 
HC104,0H, in white crystals. FercUorates. Mostly deliques- 
cent ; all soluble. Potassium perchlorate with difficulty. All 
decomposed by heat into chlorides and oxygen. G10|0K easily 
prepared from C10,0K by stopping the evolution of O, whenj 
nas passed over in the making of that gas. 20I0,0K = CIK 
+ O, 4- CIO3OK. As OIO3OK readily separated by crystalliza- 
tion from the very soluble chloride, perchloric acid C10,0H is 
made by distilling the potassium salt with sulphuric acid.] 
[01 with N. Nitrogen chloride KCl,? Obtained indirectly. 
Oily liquid of sp. gr. 1.653. Most dangerous compound. 
Explodes spontaneously below 100° C. Prep, by action of 01 
upon ammonium chloride NH4CI 4- 3CI, = 4CIH + NGl,.] CI 
with C. C2CI,, C2CI4, C,C1« and CCI4. * Organic Chemistry.* 
Carbonic oxy-chloride COCl,, is the phosgene gas of Davy. 
Carbon monoxide CO, unites in sunlight directly with Clg, 
volume for volume. Pungent, suffocating gas. Liquid at 0° C. 
Very interesting compound. [CI and 8. Sulphur chloride 8X1, 
= 135. Yellow, volatile liquid of sp. gr. 1.6B. Disagreeable, 
pungent odor. By passing dry CI, into melted sulphur, and 
digestion upon sulphur. Slowly decomposed by water. Sulphur 
didiloride 8C1, = 103. Deep red, fuming liquid, boiling at 
164° 0. Produced by saturating SjCl, with Ci,. Sulphur 
tetrachloride 8CI4 by saturating the chloriae.with 01, at — 2o^C* 
Ozychlorides. 80C1, and S0,C1,.] 
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IX. Bromine Br = 80. Br, = 160. 

Monad element, never native. Discovered by Balard in 
1826. Closely allied to chlorine. Contained as magnesium 
and sodium bromide in sea-water, and largely in a spring at 
Ereuznach. Intensely red liquid, very volatile; freezes at 
— 24°.5 C, and boils at 63° C. 8p. gr. 2.976. Vapor intensely 
irritating, reminding of chlorine. Little soluble in water, more 
in alcoliol, very soluble in ether. Hydrate Brj.roOHj. NOjOH 
does not dissolve BrAg, and the latter, of yellowish color, is 
with difficulty soluble in NH,. Otherwise bromides resemble 
chlorides. Prep, of Br^ MgBrj + Clj = MgCl^ + Bx^, The 
bromine dissolved in ether, and treated with KOH. BBr^+GEOH 
= 5KBr 4- KBrOg + sOHj. By heat 2KBrO, = 2KBr + lO., 
Then: 2KBr4-Mn02+3S02(OH)a=S02(02Mn)+2(SOjOKOH) 
+20H2+Br2. Compoonds. Br with H. Hydrogen bromide, or 
hydro-bromic acid BrH = 81. Colorless gas. Its solution in 
water is a true hydrate BrH,50H2, a colorless fuming liquid of 
sp. gr. T.486. Boils at 126° C., and distils. Oxydizes only in 
pwrt on exposure to air. Solution decomposed by Olj. 2HBr 
+ CI2 = 2CIH + Brj. Forms bromides and water, by contact 
with metallic oxides and hydroxides. Frep. a. By passing a 
stream of SH, through Br^ diffused through water. sBr, + ^SH, 
•-S2 + 4BrH. h. Bringing phosphorous bromide into contact 
with water, and distilling. PBr.+sOH^ = PHO(OH)j + jBrH. 
o. Decomposing potassium bromide KBr with hydrogen ortho- 
phosphate PO(OH),. sKBr + PO(OH), = PO(OK), + jBrH. 
Br with 0. [Hypobbomous acid BiOH. Unstable. Formed by 
agitating HgO with 'Br^ and water.] Bbomio aoid BrOjOH = 1 29. 
Kesembles hydrogen chlorate. Best prepared from silver bromate 
by Br. Bromates : when heated, into O, and bromides. Pbb- 
BBOMIO ACID BrOyOH. An oily liquid, made by the action of 
Br, upon hydrogen perchlorate. It resists the reducing action 
of SH, and SO,. [Br and N. Nitrogen bromide NBrg, oily liquid. 
Carbonio ozy-bromide COBr,. Br and 8. S^, and SBr,, are 
brown-red liquids.] 

X. Iodine I = 127. I, = 264. 

Monad element, not found native. Discovered by Courtoia 
in 18 IX in kelp, the ash of sea-weeds. Occurs as sodium iodide 
in sea-water ; also in various springs. Silver iodide Agl is one 
of the rarer silver ores. Iodine obtained by sublimation re- 
sembles black lead, and crystallizes as octahedron with rhombic 
base. Sp. gr. of vapour 8.716. Melts at 107° C., and boils at 
1 75° C, the vapor possessing a deep violet, Mris, color. Sp. gr. 
of iodine 4.95. Very little soluble in water, but easily in alcohol : 
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tincture of iodine. Stains the skin yellow. An energetic medi- 
cine. CI2 Bets I, free from its soluble salts, and I, imparts a 
rich amethyst color to GS, : a test. Free iodine forms blue 
compound with starch : also a test. Iodides. Potassium iodide 
KI, much used in medicine. 2KI + 4N0,0H = 2NO2OK 4- 2NO, 
4-20Hj4-I,. Prep, from sodium iodide Nal, in kelp, by 
SO4H2 and MnOj, as in the making of 01,. Thus : 2NaI + MnO, 
4- 3S0j(0H),= 2fS0j(0HX0Na)] + rSOj(0,Mn)]+20H2+I,. 
CompoimdB. E with I. [Hydrogen iooide IH = 128. Colorless 
gas, fuming in air, of sp. gr. 444. Very acid and irritating. 
Compressible •to a liquid, and even solid at — $i°C. Very 
soluble in water: hydriodic acid. 2lH,iiOH, is the hydrata. 
Browns rapidly owing to oxydation of £[,. Decomposed by 
CJj,Br2,N020H. Dissolves Zn and Fe, evolving Hj. Prep, 
a. By heating I, in H,. 6. By passing 6H, into H^O, admixed 
with Ij. Thus : 2SH, + 2L = S, + 4IH. c. By phosphorous 
iodide and H^O. PI, + stt^O = PHO(OH), + 3HL d. 8KI 
+ P^ + 10I2 + 16OH, = 4[P0(0HX0K)j] + 28HLI I with 0. 
[Two anhydrides and two acids. IjO, and Ifi^ : with OH, lO^OE 
and lOjOH. a. Iodic add lOjOH. Ck)lorless, 6-sided tables, very 
soluble in water. Decomposed by morphia, iodine set free : a 
test for morphia. Heated to 107° C. into OH,, and anhydride 
I2O5. 2lO,H = OH2 + I2O5. lodates : by heat into iodides and 
oxygen. Prep, of lOjOH. a. By excess of Clj upon I diffused 
through water ; I, + 5CL + 6OH2 = loClH + 2l0,0H. h. 5ICI, 
+ SODIUM carbonate gf C0(0Na)2] = isNaCl + 9CO2 + I, + 
3lO,Na. A mixture of hydriodic and iodic acids instantly de- 
compose one another: 5IH + I020H=30H2 + 3I2. h. Fer-iodie 
acid IO4H or lOjOH. In deliquescent oblique prisms containing 
OHj. Melts at 130^, then into OH, and per-iodio uihydride 
I2O7 ; then evolves O, and changed into I2O5, and finallv into 
Ij-I-O,. Periodates. Prep. lOjONa -|- CI, + 3NaOH = iNaCl 
-f Na04l,NaOH,OH2, the latter a sparingly soluble com- 
pound.] I and K. [Nitrogen iodide NHI, and NI,. Black 
insoluble powder, explosive, dangerous. Prep. Precipitation of 
alcoholic solution of iodine by ammonia. 3NHj +21,= 2NH4I 
-f-HHIj. Decomposed by SHj. NHI, + 2SH2 = NHJ + S, 
-j- IH.] I and 8. Sjl, crystalline, brittle, steel-grey solid. 

XI. Flaorine 7 = 19. 7, = 88. 

Monad element, never native. Supposed to be a colorless gas, 
when prepared by the action of iodine upon silver fluoride 
AgF. Two chief fluorides found native are : Caloium fluoride 
CaFj, or Fluorspar, and Sodium aluminum fluoride 3iraF,AlF, 
or Cryolite. Ckmiponnds. 7 with E. Hydrogen fluoride or 
hydrofluoric acid FH = 20. Colorless, mobile liquid of 
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8p. gr. 0.988, which boils at r9°.40. Famine, highly corrosive. 
Dangerous. The acid of sp.gr. 1.15 is a hydrate FH,20H«. 
boils at i2o°0. Etches glass, owing to Fluorine forming with 
Silicon a volatile gaseous compound, silicon fluoride 8iF4. Thus : 
SiOg 4- 4FH = 2OH, H- SiF4. Prey, of HF. Calcium fluoride 
is distilled with sulphuric acid in vessels of lead or silver, and 
the acid is received and preserved in vessels of lead, silver, 
platinum, or gutta-percha. F^Oa + SO,(OH)j = SOaCOjCa) + 
2FH. 

XII. Boron B = 11. B, = 22. 

A triad element, never native. Contained in Borax. Alway { 
in combination with oxygen. By Gay-Lussac aud Th^iiard in 
1808. Amorphous boron, a dull-greenish powder, which soils 
the fingers, and is slightly soluble in water. NO^OH attacks 
apd dissolves it as boraeic acid. It bums vividly into boraciC 
ANHYDRIDE BjO,, wheu heated in oxygen. Prep, by heating 
potassiam boro-fluoride KF,BF, with the metal potassium in a 
small iron vessel, and removal of the soluble potassium fluoride 
by water. 2[KF,BFJ + 3K, = 8KF + B,. There is also a 
crystalline variety of boron. Nearly colorless or brown, sp. gr. 
2.63. Always contains aluminum boride B2AI. Very hard : 
scratches the ruby. Acids have no action upon it. Infusible, and 
only partially combustible in oxy-hydrogen. Pr&p. by dissolving 
amorphous boron in fused aluminum at a high temperature, and 
removal of aluminum by hydrogen chloride. Oomponnds. B and 
0. Boracic anhydride BgO,, = 70. Issues as boraeic acid 
B0(0H).H20 with jets of steam in the maremma of Tuscany. 
Fuses to transparent glass, which remains clear on cooling. 
Prep, by heating boracic acid to redness. Volatilized with great 
difficulty, hence it drives out many salt-radicles when heated 
with their salts. Boracic acid B0(0H),0H2 or HBO2.OH,. 
In pearly scales, soluble in 25 parts of water at 18° C, and in 
^ parts of boiling water. Turns turmeric paper brown. Soluble 
m alcohol and gives green color to flame. Borates are its suits : 
all soluble in NOjOH. Chief salt : borax or sodium bi-borate 
Na20,2BjOg or Na2B407,ioOH2, which is found native. Dis- 
solved in water, it is decomposed by dilute sulphuric acid, and 
furnishes boracic acid. B and K. [Boron nitride BN =25. 
White amorphous powder, insoluble in water. In current of 
steam, yields NH, + BjO,. Obtained by heatiug B in N, or 
better, borax with ammonium chloride. Na,0,2B20, -\- 2NH4CI 
=r. BjO, + 2NaCl + 4H2O + 2BN.] B and CI. [Boron chloride 
BCls = 117.5* Colorless, mobile liquid, of sp. gr. 1.35, boiling 
at 1 8° C. Decomposed by water into boracic and hydrochloric 
acids : hence fumes in air. Prep, by heating mixture of B^Og 
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and charcoal to bright rodnesB, and passing a stream of dry 
Chlorine over it.] B and F. [Boron flnoiide BF, = 68. A 
colorless gas, irritating, fuming. Water dissolves 700 times 
its volume, producing a fuming liquid of sp. gr. 1.77. The 
elements of water make it into B20„6HF, really the character 
of the solution. Prep, of BF,. By igniting a mixture of 
calcium fluoride with boracic anhydride. iCaiF^ + 4B,0, = 
3Ca2B02 + 2Br,. When BF„ dissolved in much water, fluo- 
boric acid H7,BF„ is obtained with free boracic acid. 8BF, + 
60H, = 2(B02H,OH,) + 6(HF,BF,). Boron made from potas- 
sium BUROFLUORIPE EF,BF„ by heating with K.] 

XTTT. Silicon Si = 28. 

Tetrad element, never native. Discovered by Berzelius in 
1823. Combined with oxygen, silicon forms silica or silicic an- 
Ijydride, one of the most abundant minerals. Like boron, two 
distinct modifications of silicon are known, a. AmorphooB silicon. 
Brown powder, insoluble in, and denser than, water. A non- 
conductor of electricity. Boils the fingers. Intact in nitric or 
sulphuric acids : readily removed as gaseous Silicon fluoride by 
Hydrogen fluoride. Bums brilliantly when heated in air. Pr^- by 
heating Potassium with Potassium sHico-fluoride : 2(KF,SiF4)+ 
4K2 = loEF -h Si,, h. Crystalline silicon. Steel-grey, metalline, 
and a conductor of electricity. Sp. gr. 2.49. Not attxMsked when 
fused with NO^OK or ClO^OK. Heated in Cl^ into SiCl^ ; in a 
stream of CIH into Silicon-chloroform SiHCl, and hydrogen. 
Prep, by heating in a red-hot crucible a mixture of potassium 
silico-fluoride, sodium and granulated zinc: the liberated Si 
dissolves in the zinc. The latter is removed by CIH. Ckimponnds. 
Si and H. [Silicon hydride SiH4 = 32. Colorless gas, which 
only takes fire spontaneously in air when free H is present. 
Passed through a red-hot tube, it is decomposed into Si and 2H2. 
Impure it is obtained from magnesium silicide and CIH ; always 
accompanied by free H.] Si and 0. Silicic anhydride or Silica 
SiO, = 60. In two modifications, crystalline and amorphous. 
As ** rock-crystal," in 6-sided, transversely striated prisms, ter- 
minated by 6-sided pyramids. Sp. gr. 2.69. Insoluble in water, 
and in all acids, except hvdrogen fluoride, which volatilizes the 
silicon as fluoride. Amethyst, cairngorm, agate, flint, camelian, 
onyx, chalcedony, are varieties more or less pure of quartz, or 
silica. Opal contains about 10 per cent, of water. Fusible in oxy- 
hydrogen. Amorphous silica is a flne, white, tasteless powder, 
obtainable from icither of the hydrogen silicates by a genUe heat. 
When once heated to redness, FH is its only solvent, by de- 
composition. Composition of the hydrates of silica doubtful. 
OH„3Si02 and 0E2,4Si02. Silicates. Clay, felspar, mica, &c.. 
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are silicates. Hetaailieates represented by formula H^SiO, or 
8iO(OH)2; orthotmeates, by H^SiO^ or 8i(0H)4. Hydrates of 
silica are soluble in water. At a red-heat SiO, is one of the most 
powerful of the acids, as it is not volatile, and takes the place of 
the volatile- salt-radicles in their respective salts. Potassium 
sulphate and silica strongly heated give potassium silicate as the 
residue. Glass is generally a mixture of certain silicates (see 
GLASS). Si and N. [Silicon nitride formed by heating Si in N. 
A light bluish fibrous compound.] Si and S. [Silioon sulphide 
SiSj. White, earthy, solid ; deliquescent. Decomposed by water 
into 2SH2 and SiO,. By heating Si in S vapor, 818, is formed.] 
Si and CI. Silioon ehloride SiCl^ = 170. Transparent, color- 
less liquid, pungent, irritating. Sp. gr. 1.523. Decomposed by 
water into orthosilicio acid Si(OH)., and 4HCI. Prej^. by 
strongly heating a mixture of silica ana charcoal, and passing a 
stream of CI, over it : SiOg + 201^ + 0, = 2CO + SiCa^. Silioon- 
chloroform SiHCl, mixed with SiCl4 constitutes chloro-leukon 
Si,H4Clio. Si and Br. [Silicon bromide SiBr4. A liquid of 
sp. gr. 2.B13. Similarly prepared and of similar behavior to 
SiClf.] Si and L [Silicon iodide Silf. In colorless, trans- 
parent octabedra, which melt at 120°. 5 C. From Si and I 
at high temperatures. Also Silioon sesqni-lodide Sijls*] Si and 
F. Silicon fluoride SiF4 = 104. Colorless gas of sp. gr. 3.6, 
fuming strongly in moist air. Uninflammable. Condensable to 
a liquid, which is solid at — r 40° C. Must be collected over water, 
as it is in part decomposed by the latter. Prep, heating calcium 
FLUORIDE CaFj, together with silica SiO, and sulphuric acid 
in a dry flask, and collecting over mercury. 2CaF2 + iQO^Oll)^ 
- 2S0ACa + 4HF. Then : 4HF + SiOj = 2OH, + Sir4. 
Hydrogen silico-flnoride 2HF,SiF4 =144. A sour, faming 
liquid.' If it attacks glass, it is because SiFf volatilizes from 
it, and leaves HF. Action of water upon silicon fluoride 
SiF4. 3 8iF4 + 40Ha = SiC0H)4 + 2[2HF,SiF4]. OrthosUicio 
acid can be removed by filtration, and is thus easily obtained 
pure. 

XIV. Fhoephoms P = 81. F4 =124. 

A triad element, never native. A constituent of the bones of 
vertebrata, of blood and urine, &c. In primitive and volcanic 
rocks, in an oxydized form. Discovered by Brandt in 1669. 
Called Fhosphonui from its luminosity in air (from <^&5 light, 
^phs bearer). Phosphorus is a translucent body, resembling 
wax, and, from oxydation, with a garlic smell. Brittle at low 
temperatures, it may be out with a knife. Sp. gr. 1.83. Melts 
at 44° C, to a transparent liquid; boils at 208° C. loo c.ii. of 
tlie vapor weigh 135 grains. It is insoluble in water, slightly 
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a solution of potassium hydroxide. P< + 3KOH + 3 OH, = 
3PH20(OK) + H3P. H.B.— In this process, the presence of 
liquid H^Pj. renders phosphine spontaneously inflammable. Can 
be separated by a freezing mixture. Oalcittm htdboxide may 
also be used, and calcium hypophospliite obtained at same time 
2P4 4- 3Ca(0H )2 + 60H, = 3P202H402Ca + aH,?. [HaP reduces 
silver-salts, H,P + 4OH, + 8N0,Apf = 4 Ag, + 8N0,0H +P0 
(OH),. Precipitates cupric phosphide 2H3P+3S04Cu=3S04H2 
+ Cu,Pj.l With IH, H,P unites to form a crystalline com- 
pound PH4I, an IODIDE OF PHOSFHONITJM. P and 0. Two 
anhydrides : PjO, and P-^Oj, forming phosphites and phosphates 
of hydrogen and other metals, i. [Hypopbosphoroos acid PH^O 
(OH), a syrupy liquid, apt to absorb oxygen, and therefore 
a deoxydizing agent. Inunediately reduces potassium perman- 
ganate. Hypopbosphites all soluble. By heat into orthophos- 
phone acid PO(OH)j and phosphine H3P. From barium hypo- 
phosphite by dilute sulphuric acid, we obtain the acid or hy- 
drcxyl salt.] 2. Phoiphoroiu anhydride P^O, = no. White 
x)wder, volatile, deliquescent, inflammable. By slow combus- 
ion of phosphorus in dry air. Phosphorous aoid or hydrogen 
hosphits PH0(0H)2. Crystalline deliquescent substance 
>ne to further oxydation. Phosphites, neutral and acid, as 
-basic. [In a free state does not immediately reduce potassium 
rmanganate. Beduces sulphurous acid to hydrogen sulphide 
\h deposit of 8 by reaction upon the SOCOH),, and raises 
}lf to orthophosphoric acid.] Prep, by adding water to phos- 
rorous chloride, and removal of hydrogen chloride by neat. 
Jius: POl, + 30Hj = 3CIH + PHO(OH),. 3. Phosphoric 
^^^iiohydride TJO^ = 142. Snow-white, flocculent, deliquescent 
^ =S(|||^i0wder, fusible and volatile at a wliite heat. Great affinity for 
|f^^ water ; powerful desiccator, surpassing all others. Forms with 
pjol water three acids or salt^ of hydrogen, mono-, tri-, and tetra-basic. 
^ni' a. Ortho-phosphoric acid PO(OH),, or tri-hydrogen phosphate, is 
^r ' the common phosphoric acid HgPO^ as it is otten written. 
*ai f Crystalline. Tri-basic. Obtained by boiling P^O, with water, 
J^ or by boiling meta-phosphoric acid POjOH with OHj. ** Bone- 
earth/' from which phosphorus is made, is Calcium ortho-phos- 
phate (P04)2Ca3. Phosphates: all insoluble but those of alkaline 
metals. POCOAg), is y(41ow, and soluble in NOjOH, as well as 
in HjN. BH2 rc^ily separates orthophosphoric acid from lead 
or silver ortho-phosphate. 2P04Ag,+ 38H2 = jAg^S + 2PO4H,. 
h. Pyrophosphoric acid or hydrogen pyrophosphate P203(0H)4 or 
P2O7H4. Can be obtained in crystals. Silver pyro-phosphate is 
white. Prep, When orthophosphoric acid is heated to over 213° C, 
it loses OH2 and becomes pyrophosphoric acid. 2P0(0H)g = 
OH2 -h P20j(OH)4. Also, when di-sodium hydroxy! ortho- 
phosphate is heated to low redness, it loses OH, and on re-dis- 
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soluble in ether, but more so in benzene, turpentine and other 
oils. In CSj. in 8,01, and in POl. it is freely soluble and may 
be obtained crystallized in rhombic dodecahedra. It is a non- 
conductor of electricity. When slowly oiydized, it gives rise to 
PH0SPH0E0U8 ANHYDRIDE PjO, ; in activc, full combustion, to 
PHOSPHORIC ANHYDRIDE PjOj. If One volume of H encloses ouq 
atom, one volume of phosphorus in vapor encloses two atoms : 
the molecules, of two volumes, therefore, four atoms. 11.19 litres 
weigh 62 grammes. Phosphorus affords one of the most 
interesting illustrations of allotropism.— If common or vitreous 
phosphorus be exposed to light under water, it becomes white, 
opake, less fusible and of sp. gr. 1-5^5; it is re-converted into 
tiio -.Uroous at a temperature below 50° C— A third vanety is 
obtained by »«^^denly cooling melted phosphorus. < rhis is 
black and opake, but libpcomes vitreous by simple fusion and slow 
cooling.— A fourth, or ■viiiious variety, by heating very pare 
phosphorus to near its boilin^|<wintRnd suddenly coolmg.— The 
fifth is the most important vStfety, as it is not poisonous, and 
need not be kept under water, S»i it does not inflame below 
260^0. First obtained by sublimafito of Phosphorus in the 



^w,.»v. anhydride tor 30 or 40 <^v»^»». «. -«"»,* , , • n j- 

to 240° C. A red powder of sp.gr. 2.14. InsoHfe^le in all media. 
Crystallizes in rhombohedra. At 260° 0. infl^Wg^ a?d *)ums to 
P-0«. In CI, it bums, as does the vitreous. andl,«J*®^**f^^ 
when rubbed with C10,0K. Used in Bryant an* Mays, ana 
Bell and Black's matches. Prep, of common phosj 
ciUM ORTHO-PHOSPHATE (P04),Ca, is changed by 
Calcium superphosphate r(P04),H4Ca] and CALauM' 
SO^Ca. Thus : (PO0,Ca, + 2SO4H, = 2S04Ca + (. 
The superphosphate is filtered oil* &om the nearly 
SO^Ca, is mixed with charcoal, dried, and heated to 
The SUPERPHOSPHATE (P04),H4Ca by loss of 2 OH, Id 
CALCIUM METAPH06PHATE (P0,)2Ca. And this metapho 
heated to whiteness in an earthen retort with charcoal, 
calcium pyrophosphate, carbon oxide and Fhosphonu. T 
4[(P08),Ca]+ ioO=2[P207Ca,]+ioCO + P4. Thephosphoi 
is received m water. Componnds. P with H. Three compoun 
H3P ; H4P2 and H2P4, a gas, a liquid, and a solid, a. PhoB- 
phonu hydride or Phosphi^ E,P =34. Colorless gas of strong 
garlic odor. Very inflammable, burning into water and phoe- 
phoric anhydride. 4 vols, require 8 vols, of O for complete 
combustion. Very little soluble in water. Behaves like am- 
monia and unites with IH to iodide of phosphonium H4PI. 
Prep. a. distilling phosphorous acid PH0(0H),. Thus: 
4PH0(0H), = 3P0(0H), + HaP.— 6. boiling phosphorus with 



hate 
ives 

8 



PHOSPHOROUS AND PHOSPHORIC ACIDS. 27 

a solution of potassium hydroxide. P4 + 3KOH + 3OH2 = 
3PH20(OK) 4- H3P. N.B.— In this process, the presence of 
liquid itiPjf renders phosphine spontaneously inflammable. Can 
be separated by a freezing mixture. Calcium hydroxidb may 
also be used, and calcium hypophosphite obtained at same time 
2P4 + 3Ca(OH)2 + 60H2= 3P202H402Ca + 2H3P. fHjP reduces 
silver-salts, HgP + 4OH8 + 8N0,Agc = 4 Ag2 + SNOjOH +PO 
(OH),. Precipitates cupric phosphide 2HaP+3S04Cu=3S04H2 
+ CujPj.l With IH, HjP unites to form a crystalline com- 
pound PH4I, an IODIDE OP PHOSPHONIUM. P and 0. Two 
anhydrides : PgO, and Pj-O^, forming phosphites and phosphates 
of hydrogen and other metals, i. [Hypophosphorous add PH2O 
(OH), a syrupy liquid, apt to absorb oxygen, and therefore 
a deoxydlzing agent. Immediately reduces potassium perman- 
ganate. Hypophosphites all soluble. By heat into orthophos- 
phorio acid PO(OH)j and phosphine HjP. From barium hypo- 
phosphite by dilute sulphuric acid, we obtain the acid or hy- 
drcxyl salt. J 2. Phosphorous anhydride P2OS = no. White 
powder, volatile, deliquescent, inflammable. By slow combus- 
tion of phosphorus in dry air. Phosphorous acid or hydrogen 
phosphite PH0(0H)2. Crystalline deliquescent substance 
prone to further oxydation. Phosphites, neutral and acid, as 
di-basic. [In a free state does not immediately reduce potassium 
permanganate. Reduces sulphurous acid to hydrogen sulphide 
with deposit of S by reaction upon the S0(bH)2, and raises 
itself to orthophosphoric acid.] Prep, by adding water to phos- 
phorous chloride, and removal of hydrogen chloride by heat. 
Thus: PCI, + 3OH2 = 3CIH + PH0(0H)2. 3. Phosphoric 
anhydride P2O5 = 142. Snow-white, flocculent, deliquescent 
powder, fusible and volatile at a white heat. Great affinity for 
water ; powerful desiccator, surpassing all others. Forms with 
water three acids or salts of hydrogen, mono-, tri-, and tetra-basic. 
a. Ortho-phosphoric acid POCOH),, or tri-hydrogen pho:iphate, is 
the common phosphoric acid H3PO4 as it is often written. 
Crystalline. Tri-basic. Obtained by boiling PjO, with water, 
or by boiling meta-phosphoric acid POjOH with 0H2« " Bone- 
earth/' from which phosphorus is made, is Calcium ortho-phos- 
phate (P04)2Ca3. Phosphates : all insoluble but those of alkaline 
metals. PO(OAg), is yellow, and soluble in NOjOH, as well as 
in H3N. 8H2 readily separates orthophosphoric acid from lead 
or silver ortho-phosphate. 2P04Ag3-|- 38H2 = jAgjS + 2PO4H,. 
h. Pyrophosphoric acid or hydrogen pyrophosphate P20,(0H)4 or 
P2O7H4. Can be obtained in crystals. Silver pyro-phosphate is 
white. Prep» When orthophosphoric acid is heated to over 213° C, 
it loses OH2 and becomes pyrophosphoric acid. 2P0(0H), = 
OHj + P203(OH)4. Also, when di-sodium hydroxy! ortho- 
phosphate is heated to low redness, it loses OH, and on re-dis- 
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soluble in ether, but more so in benzene, turpentine and other 
oils. In CS„ in 8,01, and in PCI. it is freely soluble and may 
be obtained crystallized in rhombic dodecahedra. It is a non- 
conductor of electricity. When slowly otydized, it gives rise to 
FHOSFHOBOus AUHTDBiDB PjO, ; in active, full combustion, to 
PHOSPHOEIO AWHYDBIDE P,Os. If One volume of H encloses ouq 
atom, one volume of phosphorus in vapor encloses two atoms : 
the molecules, of two volumes, therefore, four atoms. 11.19 litres 
weigh 62 grammes. Phosphorus affords one of the most 
interesting Ulustrations of allotropism.— If common or vitreous 
phosphorus be exposed to light under water, it becomes white, 
opake. less fusible and of sp. gr. i.5^5 ; it is re-converted into 
tiio -.U.OOUS at a temperature below 50° 0.— A third variety is 
obtained by »«^^denly cooling melted phosphorus. - rhis is 
black and opake, but ubpcomes vitreous by simple fusion and slow 
cooling.— A fourth, or Yti^m variety, by heating very pure 
phosphorus to near its boilin^^e^intand suddenly cooling.— 1 he 
fifth is the most important vStfety, as it is not poisonous, and 
need not be kept under water, a^t it does not inflame below 
260° C. First obtained by 8ublimati»ten of Phosphorus m the 
Torricellian vacuum by exposure to sunliglf|it' ^^ ^V^^^ largely 
prepared by heating vitreous phosphoru8>|ia a^ atmosphere of 
carbonic anhydride for 30 or 40 hoursat a teilSPt™'*F® ?f ^^°,.^- 
to 240° C. A red powder of sp.gr. 2.14. In83|fel>le mall media. 
Crystallizes in rhombohedra. At 260° C. inflaSligs and bums to 
P,0.. In CI, it bums, as does the vitreous. ancHL^J^®^**^^ 
when robbed with C10,0K. Used in Bryant anlJ ^^y »»-^^ 
Bell and Black's matches. Prep, of common phospra^^ 
ciUM OBTHo-FHOSPHATE (P04),Caj is changed by St 
Calcium stpebphosphate rcP04),H4Ca] and Calctum^ 
SO^Ca. Thus : (PO^jCa, + 2SO4H, = 2S04Ca + (P 
The superphosphate is filtered off from the nearly 
SO^Ca, is mixed with charcoal, dried, and heated to 
TJie SUPEEPHOSPHATB {P04)jjH4Ca by loss of 2 OH, bl 
CALCIUM METAPH06FHATE (P0,)2Ca. And this metaphoJ 
heated to whiteness in an earthen retort with charcoal. ^^^ 
calcium pyrophosphate, carbon oxide and Fhosphonu. I'^Wl! 
4[(P08),Ca]+ ioC=2jP20.Ca,]+ioCO + P4. ThephosphoiE 
is received m water. ComponndiB. P with H. Three compounc^ 
H,P ; H4P2 and H2P4, a gas, a liquid, and a solid, a. Phos- 
phoniB hydride or Phosphine H3P =34. Colorless gas of strong 
garlic odor. Yeiy inflammable, burning into water and phos- 
phoric anhydride. 4 vols, require b vols, of O for complete 
combustion. Very little soluble in water. Behaves like am- 
monia and unites with IH to iodide of phosphonium H4PI. 
Prep, a, distilling phosphorous acid PHOfOH),. Thus : 
4PH0(0H), = 3P0(0H), + H,P.— 6. boiling phosphorus with 
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a solution of potassium hydroxide. P4 + 3KOH + 3OH2 = 
SPHgOCOK) + H3P. N.B.— In this process, the presence of 
liqnid H^Pj, renders phosphine spontaneously inflammable. Can 
be separated by a freezing mixture. Calcium hydroxidb may 
also be used, and calcium hypophosphite obtained at same time 
2P4 + 3Ca(OH)2 + 60H«= iFfi^Kfifia + iHgP. fHjP reduces 
silver-salts, HgP + 4OH8 + 8N0,A^ = ijAgj + SNOjOH +P0 
(OH),. Precipitates cupric phosphide 2H3P-f3S04Cu =3804112 
-h CujPj.l With IH, H3P unites to form a crystalline com- 
pound PH4I, an IODIDE OF PHOSPHONIUM. P and 0. Two 
anhydrides ; PjOg and P^Oj, forming phosphites and phosphates 
of hydrogen and other metals, i. [Hypophosphorons add PHgO 
(OH), a syrupy liquid, apt to absorb oxygen, and therefore 
a deoxydizing agent. Immediately reduces potassium perman- 
ganate. Hypophosphites all soluble. By heat into orthophos- 
phoric acid P0(0H)8 and phosphine H3P. From barium hypo- 
phosphite by dilute sulphuric acid, we obtain the acid or hy- 
droxyl salt] 2. Phosphorous anhydride PjO, = no. White 
powder, volatile, deliquescent, inflammable. By slow combus- 
tion of phosphorus in dry air. Phosphorous acid or hydrogen 
phosphite PH0(0H)2. Crystalline deliquescent substance 
prone to further oxydation. Phosphites, neutral and acid, as 
di-basic. [In a free state does not immediately reduce potassium 
permanganate. Beduces sulphurous acid to hydrogen sulphide 
with deposit of S by reaction upon the S0(bH)2, and raises 
itself to orthophosphoric acid.] Prep, by adding water to phos- 
phorous chloride, and removal of hydrogen chloride by heat. 
Thus: PClg + 3OH2 = 3CIH + PH0(0H)2. 3. Phosphoric 
anhydride PjOj = 142. Snow-white, flocculent, deliquescent 
powder, fusible and volatile at a white heat. Great affinity for 
water ; powerful desiccator, surpassing all others. Forms with 
water tiiree acids or salts of hydrogen, mono-, tri-, and tetra-basic. 
a. Ortho-phosphoric acid POCOH),, or tri-hydrogen phosphate, is 
the common phosphoric ^cid H3PO4 as it is often written. 
Crystalline. Tri-basic. Obtained by boiling P^O, with water, 
or by boiling meta-phosphoric a«id POjOH with OHj. " Bone- 
earth," from which phosphorus is made, is Calcium ortho-phos- 
phate (P04)2Ca3. Phosphates : all insoluble but those of alkaline 
metals. P0(0Ag)8 is yellow, and soluble in NOjOH, as well as 
in H3N. SH2 readily separates orthophosphoric acid from lead 
or silver ortho-phosphate. 2P04Ag3 + 38H2 = ^AgjS -f- 2PO4H8. 
h. Pyrophosphoric acid or hydrogen pyrophosphate P203(0H)4 or 
P2O7H4. Can be obtained in crystals. Silver pyro-phosphate is 
white. Prep, When orthophosphoric acid is heated to over 213° C, 
it loses OH2 and becomes pyrophosphoric acid. 2PO(OH)8 = 
OH2 + P203(OH)4. Also, when di-sodium hydroxyl ortho- 
phosphate is heated to low redness, it loses OH, and on re-dis- 
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soluble in ether, but more so in benzene, turpentine and other 
oils. In CS„ in 8,01, and in PCI, it is freely soluble and may 
be obtained crystallized in rhombic dodecahedra. It is a non- 
conductor of electricity. When slowly olydized, it gives rise to 
PH0SPH0E0U8 ANHYDBiDE PjOj ; in active, full combustion, to 
PHOfiPHORio ANHYDBiDE Vfiy If ouo volume of H encloses ouq 
atom, one volume of phosphorus in vapor encloses two atoms : 
the molecules, of two volumes, therefore, four atoms. 11.19 litres 
weigh 62 grammes. Phosphorus affords one of the most 
interesting illustrations of allotropism.— If common or vitreous 
phosphorus be exposed to light under water, it becomes white, 
opake. less fusible and of sp. gr. 1-5^5 ; it is re-converted into 
tiio -.U.OOUS at a temperature below 50° 0.— A third variety is 
obtained by Biw.-ldenly cooling melted phosphorus, rhis is 
black and opake, but ubocomes vitreous by simple fusion and slow 
cooling.— A fourth. or'-^iS^MUS variety, by heating very pure 
phosphorus to near its boilingStoointand suddenly cooling.— i he 
fifth is the most important varitf ety, as it is not po^nous, and 
need not be kept under water, dte^it does not inflame below 
260^0. First obtained by sublimaJito of Phosphorus m the 
Torricellian vacuum by exposure to sunli»bt' " ^® ^^^ largely 
prepared by heating vitreous phosphorus\n a^ atmosphere of 
carbonic anhydride for 30 or 40 hours at a teaEPt™*?^ ?J ^^°,^- 
to 240° 0. A red powder of sp.gr. 2.14. InsoMJi^le maU media. 
CrystaUizes m rhombohedra. At 260° 0. infl^||g8 and bums to 
P-Oj. In CI, it bums, as does the vitreous. aiidl,«J*T°*^^° 
when rabbed with ClOjOK. Used in Bryant an* ^»»-^^ 
Bell and Black's matches. Prep, of common phoipn^ 
ciUM OBTHo-FHOBPHATE (P04)2Caj is changed by ^ 
Calcium stfebfhosphate H P04)2H4Ca3 and CALauM^ 
SO^Ca. Thus ; (POJ^Ca, + sSO^H, = 2S04Ca + (P 
The superphosphate is filtered off from the nearly 
S04Ca. is mixed with charcoal, dried, and heated to 
The 8UPEBPH0BPHATE (P04)2H4Ca by loss of 2 OH, IjI 
CALCIUM METAPHospBATB (P03)2Ca. And this metaphoi 
heated to whiteness in an earthen retort with charcoal, 
calcium pyrophosphate, carbon oxide and Phosphonu. I'lM!! 
4[(P03)aCa]+ ioC=2[Pa07Ca2]+ioCO + P4. ThephosphoiE 
IS received m water. CompoimdB. P with H. Three compounc^ 
H,P ; H4P2 and H2P4. a gas, a liquid, and a solid, a. Phos- 
phonu hydride or Phosphiiud H,P ==34. Colorless gas of strong 
garlic odor. Very inflammable, burning into water and phos- 
phoric anhydride. 4 vols, require b vols, of O for complete 
combustion. Very little soluble in water. Behaves like am- 
monia and unites with IH to iodide of phosphonium H4PI. 
Prep. a. distilling phosphobous acid PH0(0H)2. Thus : 
4PH0(0H), = 3P0(0H), + H,P.— 6. boiling phosphoms with 
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a solution of potassium hydroxide. P4 + 3KOH 4- 3 OH, = 
SPHaOCOK) + H3P. N.B.— In this process, the presence of 
liquid H4P2, renders phosphine spohtaueously inflammable. Can 
be separated by a freezing mixture. Calcium hydboxidb may 
also be used, and calcium hypophospliite obtained at same time 
2P4 + 3Ca(OH)2 + 60H2= i'PiOiii fii^^ + 2H3P. [HsP reduces 
silver-salts, HgP + aO^^ + SNOgA^ = ^Ag^ + 8NO2OH +P0 
(OH),. Precipitates cupric phosphide 2H8P4-3S04Cu=3S04Hg 
+ CujPj.l With IH, HjP unites to form a crystalline com- 
pound PH4I, an IODIDE OP PHosPHONiUM. P and 0. Two 
anhydrides : P^O, and P^O^, forming phosphites and phosphates 
of hydrogen and other metals, i. [Hypophosphorous add PH^O 
(OH), a syrupy liquid, apt to absorb oxygen, and therefore 
a deoxydizing agent. Immediately reduces potassium perman- 
ganate. Hypophosphites all soluble. By heat into orthophos- 
phoiic acid P0(0H)8 and phosphine H3P. From barium hypo- 
phosphite by dilute sulphuric acid, we obtain the acid or hy- 
droxyl salt.j 2, PhoBidioroiiB anhydride PjO, = no. White 
powder, volatile, deliquescent, inflammable. By slow combus- 
tion of phosphorus in dry air. Phosphorous aoid or hydrogen 
phosphite PH0(0H)2. Crystalline deliquescent substance 
prone to further oxydation. Phosphites, neutral and acid, as 
di-basic. [In a free state does not immediately reduce potassium 
permanganate. Beduces sulphurous acid tx> hydrogen sulphide 
with deposit of 8 by reaction upon the 80(bH)2, and raises 
itself to orthophosphoric acid.] Prep, by adding water to phos- 
phorous chloride, and removal of hydrogen chloride by heat. 
Thus: PCI, + 3OH2 = 3CIH + PH0(0H)2. j. Phosphoric 
anhydride PjO, = 142. Snow-white, flocculent, deliquescent 
powder, fusible and volatile at a white heat. Great affinity for 
water ; powerful desiccator, surpassing all others. Forms with 
water three acids or salts of hydrogen, mono-, tri-, and tetra-basic. 

a. Ortho-phosphoric acid POCOH).,, or tri-hydrogen phosphate, is 
the common phosphoric ^cid H3PO4 as it is often written. 
Crystalline. Tri-basic. Obtained by boiling PjO, with water, 
or by boiling meta-phosphoric acid POgOH with OHj. " Bone- 
earth," from which phosphorus is made, is Calcium ortho-phos- 
phate (P04)2Ca3. Phosphates : all insoluble but those of alkaline 
metals. P0(0Ag)3 is yellow, and soluble in NO^OH, as well as 
in H3N. SHj r€«dily separates orthophosphoric acid from lead 
or silver ortiio-phosphate. 2P04Ag3 + 3SH2 = jAg^S + 2PO4H3. 

b. Pyrophosphoric aoid or hydrogen pyrophosphate P203(0H)4 or 
P2O7H4. Can be obtained in crystals. Silver pyro-phosphate is 
white. Prep» When orthophosphoric acid is heated to over 313° C, 
it loses OH2 and becomes pyrophosphoric acid. 2PO(OH)3 = 
OH2 4- P208(OH)4. Also, when di-sodium hydroxy! ortho- 
phosphate is heated to low redness, it loses OH, and on re-dis- 
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In the case of peroxides, they can only become basic by a loss 
of oxygen. This is well seen in the manufacture of Giiloriiie. 
There is no manganous salt corresponding with MnO, ; there- 
fore, on addition of hydrogen chloride, one atom of Oxygen 
forms water with two atoms of H and sets Gl. free, the peroxide 
BInOg becoming Manganous oxide MnO, a base which imme- 
diately reacts upon further 2CIH to form OH,, and M nCl,. 

Some few metals form anhydrides or add oxides, but these 
are more akin to the non-metals. 

]M!ust oxides are insoluble in water, and so also are most salts. 
The oxides of. the alkaline metals and their salts are notable 
exceptions. The chlorides, nitrates and sulphates of the metals 
are nearly all soluble in water. 

The metals themselves are good gonduotors or heat. Ac- 
cording to Wiedemann aud Franz they rank as follows : — 



577 Sodium . 

436 Iron (cast) 

422 Lead . . 

397 Antimony 

380 BlBmuth . 



365 
359 
287 
215 

6r 



Silver . . . 1000 Cadmium. 

Gold . . . 981 Iron (bar) 

Copper (rolled) 845 Tin . . 

Copper (cast) 811 Steel . . 

Aluminum . 665 Platinum. 
Zinc, rolled . 64 c 

The metals are also good conductors of bleotricitt. As a 
rule, good conductors of heat are also good conductors of elec- 
tricity. The conducting power of me^ls is inversely propor- 
tioned to their resistance to the passage of the electric ciurent. 
According to Matthiessen the electric conductivity of pure 
metals is as follows : — 



Silver. . • 


lOO.OO 


Calcium . 


22.14 


Palladium . 


12.64* 


Copper. . 
Sodium 


77.43 


Potassium . 


20.85 


Platinum . 


10.53 


37-43 


Lithium . 


19.00 


Strontium . 


6.71 


Aluminum 


33.76 


Iron . . 


14.44 


Mercury . 


1.63 


Magnesium 


25-47 











With reference to the specific heats of metals in the solid 
state, experiment has proved that, if we take the atomio weights 
of the metals instead of equal weights for determining the 
specific heats, the numbers expressing the capacity for heat of 
the atoms are all equal. The petals all possess the same 
ATOMIC HEAT. This wlll be at once understood by multiplying 
the sp. heats of the metals (see Table below) by their respective 
atomic weights. 

Sp. heat. Atomic weight. Atomic heat. 

Zinc. . . 0.0950 X 65.2 = 6.390 

Lead . . 0.0310 x 207. = 6.410 

Platinum , 0.0324 X J197.5 = 6.399 
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The slight differences arise from errors of experiment, and we 
may accept 6 . 4 as the common atomic heat of the metals. In 
the determination of the sp. heat, we have a means of ascertain- 
ing the atomic weight of a metal. For, if we divide the sp. heat 
of the metal into 6.4, we obtain the atomic weight. 

The elements in the solid state possess the same atomic heats 
as in their compounds. Hence is the molecular heat the sum of 
the atomic heats of the combined elements. [Ni, As, Gl, Br, I, 
Se and Te, have the same atomic heats as the metals. The 
atomic heats of P and S are found to be 5.40; of F 5.0; of 
O 4.0; of Si 4.7; ofB 2.75 ; of H 2.3 and of C 1.76.] 

The following Table of the specific heats of the elements 
oonti-asted with water and ice is from Begnault and others : — 

Water . . i.oooo Potassium , 0.1696 Indium . 0.0570 

Lithium . 0.9408 Diamond . 0.1469 Cadmium. 0.0567 

Ice . . . 0.5050 Mangane8iumo.i2i7 Tin . . 0.0562 

Sodium . 0.2934 Iron . . . 0.1138 Iodine . 0.0541 

Magnesium 0.2499 Bromine. . 0.1129 Antimony 0.0508 

Charcoal . 0.2414 Nickel . . 0.1086 Tellurium 0.0474 

Boron . . 0.2352 Cobalt , . 0.1070 Thallium 0.0335 

Aluminum 0.2143 Zinc . . . 0.0955 Mercury . 0.0333 

Sulphur . o.2<:f!26 Copper . , 0.0952 Gold . .0.0324 

Phosphorus 0.1887 Selenium . 0.0827 Platinum. 0.0324 

Silicon. . 0.1774 Arsenicum . 0.0814 Lead . . 0.0310 

Phosphorus . Palladium . 0.0593 Bismuth . 0.0308 

(red). . 0.1700 Silver . . 0.0570 

Metallic lustre, a feature of polished metals : wanting when 
in pulverulent state. Opacity important: gold-leaf transmits 
green light. Color varies from the whiteness of silver to the 
yellow of gold, the pale yellow of barium ; the reil of copper, the 
bluish-white of lead, &c. Without odor. Insoluble in 
water. Hardness varies greatly; from softnefis of butter, to 
hardness of steel. [Mohs' scale of hardness in minerals. 
t Talc (23 specimens of minerals). 11. Gypsum or rocksalt (90). 
m. Calc-spar cleavable (71). IV. Fluorspar (53). Y. Apatite 
crystallized (43). VI. Felspar cleayable (26). Vn. Limpid 
quartz (26). Vm. Topaz (5). IX. Sapphire or corundum ( 1). 
X. Diamond (1).] Brittleness affected by temperature. Bi, 
Sb and As may be pounded. Tenacity measured by force re- 
quired to break. If Fb i, then Cd 1.2 Sn 1.3 Au 5.6 Zn 8 Ag 
8.9 Ft 13 Fd IS Cu 17 Fe 26. Malleability the power of ex- 
tension under rollers: Au first. Ag, Cu, Ft, Fd, Fe, Al, Sn, Zn, 
Fb, Cd, Ni, Co. Gold-leaf jgjJi^ o( au inch thick. Ductility in- 
volves tenacity, or power of resisting tension. An, Ag, Ft, Fe 
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and Ca much alike ; then Fd, Cd, Co, Ki, Al, Zn, Sn, Fb, Tl, Hg, 
L. As to Fusibility the, metals rank thus : — 



Mercury , 
Grallium 
Bubidium . 
Potassium . 
Sodium 
Indium 
Lithium . 
Tin . . 
Cadmium . 
Bismuth . 
Thallium . 

Pure iron . 
Nickel . 
Cobalt . 
Manganesium 
Palla^um . 
Chromium . 
Molybdonum 
Tungsten . 
Uranium 





. -38°. 8 C. 




. 30°. I,, 




. 38°.5,, 




. 62°.5,, 




97°.6 ,, 




176° ., 




. 180° ,,' 




228° , . 




228° , , 




264° , , 




294° , . 



wind-furnace. 



Imperfect 

fusion in 

wind-fiimace. 



Lead. 
Tellurium 
Zinc . 
Antimony 
Calcium . 
Aluminum 
Silver 
Copper . 
Gold . 
Cast Iron 



Cerium 

Iridium 

Osmium 

Platinum 

Bhodium 

Tautalum 

Titanium 



325° C. 
326^.6 






} 



412' 

621° ,, 

above red- 



heat. 



1023^ 
1091' 
1102^ 
1530' 



» > 
» > 



^ Fusible in oxy- 
bydrogen. 



Volatility very various. As, Hg, Te, Cd, Zn, K, Ka and Bu 
can be sublimed. 
As to sFEOiFiC GBAViTr, the metals exhibit great "variations. 



Lithium . 
Potassium . 
Sodium 
Bubidium . 
Calcium . 
Magnesium 
Glucinum . 
Strontium . 
Aluminum 
Barium 
Arsenicum 
Gallium . 
Tellurium. 
Antimony 
Chromium 
Zinc . 
Tin . . 
Indium 
Iron . . 
Manganesium 



0.593 
0.865 

0.974 
1.520 

1.578 

1.743 
2.100 

2.540 

2.560-2.67 

4.000 

5.700-5.96 

5.900 

6.250 

6.710 

6.810 

7.146 

7.292 

7.421 

7.844 

8.013 



Cadmium . 


. 8.604-8.694 


Molvbdenum 
Nickel 


. 8.620 


. 8.820 


Copper. . 
Cobalt . . 


. 8.920-8.950 


. 8.950 


Bismuth . 


. 9.800 


Silver . . 


. 10.530 


Lead . . 


. 11.360 


Buthenium 


. 11.400 


Palladium 


. 11.800 


Thallium . 


. 11.810-11.91 


Bhodium . 


. 12.100 


Mercury . 


. 13.596 


Tungsten . 


. 17.600 


Uranium . 


. 18.400 


Gold . . 


.. 19.340 


Iridium . 


. 21.150 


Osmium . 


. 21.400 


Platinum . 


. 21.530 
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The metils often occur cbtstallized ; cryBtals are regular 
geometrical solids. [lu certain positions crystals split regu- 
larly; CLEAYAQE. The flat surfaces developed by cleavage 
called faces or planes. The lines of junction of two planes, its 
edges; junction of two edges, a plane angle; the point where 
three or more edges meet, a solid angle. Planes similar, when 
Corresponding angles eaual, and edges proportional ; edges simi- 
lar when produced by tne meeting of planes respectively similar 
at equal angles; angles similar when equal, and contained 
within edges respectively similar. In crystals extra faces often 
formed by the replacement of an edge or thH truncation of an 
angle. When faces quite equal and similar, called simple forms : 
tlio^e resulting from a combination of two or more simple ones, 
secondary or compound forms. Great variations in tho angles 
of crystals; instruments of measurement called Goniometext. 
Six classes of crystals. I. The regular, tessnlar, or onbioal 
system : three equal axes around which the crystal symmetri- 
cally arranged, crossing each other at right angles. In cubes ; 
salt, fluor, iron-pyrites, alum, garnet, diamond, gold, silver, 
copper, lead, iron, mercury, &c. ; in octabedra ; alum, magnetite, 
chrome-iron ore, white arsenic, diamond and many metals : in 
tetrahedra ; copper pyrites, jjrey copper ore or fahlerz, blende : 
in rhombic dodecahedra ; cobalt-glance, garnet, diamond, fluor, 
and many metals. Crystals possessing the completest symme- 
try, called homohedral forms: those derived from the former, 
hemihedral. — U, The right square prismatic, or pyramidal system. 
Three axes at right angles to each other, two only equal, — the 
third axis longer or shorter. Includes the long square prism ; 
tinstone, zircon, apophyllite, idocrase : the short square prism ; 
zircon, &o. : the octahedral square prism : apo{)hylllte, zircon, &c. ; 
and the long square octaheoron ; anatase, tinstone, zircon, &c. 
— m. The rhombic system. Four axes ; three of equal lengths 
in the same plane, crossing each other at angles of 60°, the 
fourth, perpendicular to these, may vary in length. The chief 
forms are : the obtuse rhombohedron ; Iceland spar, tourmaline : 
the acute rhombohedron ; Iceland spar : the hexagonal prism ; 
emerald, quartz, tourmaline : the bi-pyramidal dodecahedron ; 
quartz, apatite ; and the scalene dodecahedron ; calcite or dog- 
tooth spar. — ^IV. The right rectangular prismatic system. Three 
axes, ail unequal and all at right angles to each other. Includes 
the right rectangular prism ; heavy spar, preimite, nitre : — the 
right rhombic prism : topaz, sulphur, prehnite, heavy spar ; the 
octahedral rhombic prism ; topaz, sulphur : — and the rhombic 
octahedron; harmatome, sulphur, topaz, &c. — V. The oUique 
system. The three axes may all be of unequal length ; two 
cross obliquely, the third is perpendicular to the others. In- 
cluded : the oblique rectangular prism ; felspar, epidote, mica: — 
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the oblique rhombic prism ; selenite, augite, sphene : — and the 
oblique • rhombic octahedron ; felspar, Melenlte, &c. — ^VI. The 
doubly oblique or anorthio system. All the axes of unequal 
length and all cross obliquely. Includes : the doubly oblique 
prism ; axinite, blue vitriol, &c. : — and the doubly oblique octa- 
hedron ; albite, azinite.] 

When a body crystallizes in two irreconcilable forms, it is 
said to be dimorphous ; when in three, trimobphocs. Pulveru- 
lent bodies, without any regular form, are called amorphous. 
Crystallized bodies, with similarity in form and analogy of 
composition, are called isomorphous. E.g. XCl. KL EF. X(GH)* 

The metals combine together to form alloys : they are not so 
well-defined as those of the metals with O, 8, Se, Gl, Br, I, 
F, &c. The melting-point is often below that of the constituent 
metals. Alloys of mercury called amalgams. 



Xetals of the alkaUes. 

Symbol. At. weight. Sp. gr. 



Fotassuun. . 


K = 


39.1 . 


. 0.865 


Sodium . . 


Na = 


23. . 


. 0.972 


Lithium . . 


L 


7 . 


. 0.59} 


Caesium . . 


Cs = 


133 




Bubidium . . 


Eb = 


85.4 . 


. 1.520 


(Ammonium) . 


H4N = 


18 





I. Group. Metals of the alkalies. They displace one atom 
of H from the H of the hydroxyl, or the H of the acids : hence 
monovalent. Their basic oxides and hydroxides are very soluble 
in water, and strongly alkaline to test-paper. Their carbonates 
are also soluble and alkaline. 

I. Potassium or Xalium K = 89. 1. X, =78 .2. 

Discovered by Davy in 1807. Never native. Brilliantly- 
white metal, volatile at a red-heat, with green vapor. Sp. gr. 
0.865. Melts 62°. 5 C. Oxydizes so rapidly that it must be 
kept under naphtha, or hermetically sealed. Decomposes OH,, 
the H burning with rose-colored flame in air, and dissolves as 
hydroxide KOH. Absorbs CO, and yields potassium rhodizonate 
C»04H2(OK)j,OH,. Prep. 1. By electrolysis of moist KOH: 
E, at the zincode. 2. By strongly heating C0(0K)2 with C, 
= 3CO + Kj. 3. By heating KOH to whiteness with iron- 
filings. 4KOH -I- 3Fe = Fe304 -h 2H, + 2Kj. Only one basio 
oxide. Three oxides. K^O. Kfi^. K2O4. I. Potassozide K^O 
^ 94.2. M^te, deliquescent caustic. Fuses at red-heat. By 
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oxydizing K, in dry air. Contained as silicate in felspar, mica, 
&c. With water: Hydroxide HOK = 56.1. Hard, greyish- 
wbite, deliquescent solid. Sp. gr. 2.2. Fnses 'without change 
of composition, but volatile at a white-heat. Yery soluble in 
water,, and heats greatly; from which in acute rhomboids 
HOK, 20H^ Bose-oolur to flame. Next to caesium and 
rubidium hydroxides, potassium hydroxide the most powerful 
base. Precipitates nearly all metallic hydroxides irom tl leir solu- 
tions. Thus : Cl^a + 2HOK = 2CIK + Ba(OH),. NO.OAg 
+ HOK = NO.OK + HOAg. CleFe, + 6H0K = 6aK + 
FojCOH),. Liquor potcusx of Pharmncy contains about 6 per 
cent, of HOE. Prep. From dissolved CO(OK)j in about 10 
parts of water, adding calcium hydroxide (0H)2Ca boiling, de- 
canting, evaporating and fusing in silver or w ou^^ht iron. 
CO(OK), + COH)jCa = CO(0,Ca) + 2HOK. HOK is soluble in 
alcohol ; carbonate not, and tliey are thus lieparated. [Potassivm 
TETBOxiDE KjOf. Chrome-yellow powdep, formed in heating 
K, in dry air or oxygen. In water gives off O,, and farmshes 
solution of the peboxide K^O,.] SulphideB : 6 sulphides. SE,. 
SjE,. &»K^ S4E2. B5K2. Potassiuh sulphide SK,. Doubtful. 
Mixed with charcoat pyrophoric. S0j(0K)2 4-40 = 4OO 
-f- SKj. Potassium sulph-htdbate HSE, by passing SH, into 
HOE = OHj + HSE. 2HSE into SjK, + OH, by O of air : then 
yellow. Potassium tbisulphide S,E^ by passing vapor of 
C8j over heated CO(OE)j. Thus : 3C8, -f- 2rCO(OE)J = 4CO 
+ CO, + zSjE,. Also contained in liver of sulphur. Potas- 
sium tetbasulphide S4E2, by reduction of S0,(0E)2 in OS, 
vapor. Pentasulphide S5E, is sulphate, in which 84 substi- 
tutes O4.' By fusing any sulphide with S. Bepar sulphuris is 
a mixture of higher sulphides with sulphate and thiosulphate of 
potassium. Again: 6H0E + 6S, = 3OH2 + 2S5E,-|- 8,0(0 E),. 
8uLPHATE SO^OK), in hard 6-sided prisms, teiminated in 6« 
sided pyramids. Soluble in 16 of OH,. J)ecrepitates when heated. 
Hydboxtl stTLPHATE 80,0H0E in flattened rhomboidal prisms, 
soluble in 2 of water. The residuum in the manufacture of N O2OH 
from NO,OE by SO,(OH), = NO,OH + 80,0H0K.— Potassium 
carbonate CO(OE), ; the pearlash of commerce, obtained by in- 
cinerating plants, as a white, granular, deliqw scent salt ; when re- 
crystallized is (K)(0K)2, 2OH,. Htuboxtl carbonate CO(OHXOK) 
in right rhombic prisms, soluble in 4 of water. By solution in 
hot water into sesqui-carbonate 2[CO(OE),1,CO(OH), : by heat 
into carbonate. — Obtho-silicate Si(0E)4. Meta-silicate 
SiCXOE),. See Glass.— Nitbatb H0.^0K, nitre or saltpetre. In 
6-sided striated prisms, with dihedral summits. Soluble in 3} 
of cold and j of boiling water. Cooling, saline taste. Insoluble 
in alcohol. Fuses at 339° 0. : aal prunelle. By continued heat 
into potassium nttbite NOOE; finally into O4E, and OE^ 
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with evolution of O, N, NO, &c. ; HOK now prepared from pure 
nitre by heating to redness one part of NO2OK, with two parts of 
copper foil, and solution in water. Gunpowder a mixture of 
74.8 parts of nitre, 1 1 .9 of sulphur, and 1 ; .3 parts of oharooa). 
In detonation : 4N0j0K + S, + 6C = 6C0, + 2ir, + 28K,. In 
the residue, chiefly S02(OE)2 + COCOK), ; in fact, like all changes, 
not so simple as they Iook. Chlokate ClOjOK, rhomboidal 
scales of pearly lustre, soluble in 16 of cold and 2 of boiling 
water. Melts at 400° G , and at higher temperature : into 
PEKCHLORATS, cbloride and O,, and the perchlorate into diloride 
and Oj. Thus: aClOjOK = OIK + CIO.OK + O,. Then 
CIO.OK = CIK + 20,. By SO^H, : iSO^EI^ + jClOjOK 
= OHj + 2SO4HK + C10,0K + 2CIO,. Prep. By passing 01, 
in excess into a thin paste of calcium hydroxide and putassium 
chloride, and separating the salts by cryutallizatiou. 2 OIK 
+01,04(OaCa^ = OljCa -f 20lOaOK. Also : 301,+ 6H0K = 
5OIK 4- CIO2OK + 3OH2. Pebchlorate OIO.OK, in needles, 
requiring 6 parts of water. Ohloride OIK in cubes, volatile at 
high temperatures. Soluble in 3 parts of water. Twenty-five 
per cent, of kelp. Bbomide BrK, also in cubes. Used in medi- 
cine and in making Bromine. 2BrK + Mn02 +3802(011)2 
= 2SO2OHOK + SOji »2Mn + 2OH2 + Br,. Iodide IK cubes, 
very soluble in ^ater, less in alcohol. Does not l)rown with 
01 U (absence of iodate). Fluoride FK, in deliquei^cent cubes. 
i yanide ONK in deliquescent cubes. Insdnble salts. Potas- 
sium FLATiNic CHLORIDE 2ClK,Cl4Pt, a ycliow salt, insoluble in 
mixed alcohol and ether. 100 parts contain 15.98 parts of K, 
or 19.26 parts calculated as OK,. Silico-fluoride 2FK,F48i. 
Used in makiog 8iF4. 

The speotnun of potassium flames is distinguished by the 
presence of two bright lines ; one in the red and another in the 
violet. 

II. Sodiimi or Katrinm Ka = 23. Ka, = 46. 

A beautiful reddish-tinted metal, crystalline. Sp.gr. 0.972. 
Fuses at 97°. 6 0. Volatile. Bums with yellow flame. Decom- 
poses water. Na2 + 2 OH, = H, + 2H0Ka. Must be kept in 
hermetically-sealed tubes, or under naphtha. Prep, of Na. 
C0( ONa), 4- 2O = 3OO -f Ha,. Two oxides : only one basic. 
ONa, and 02Kas ; the latter, or peroxidb by burning Na, in O,. 
Sodium oxide ONa, = 62. Besembles OK,. By water into 
HYDROXIDE HOHa. White, fusible, deliquescent solid. Prep. 
from carbonate : OO(ONa), -h (0H)20a = 000,0a + 2H0Ka. 
[Sodium sulphides. SNa,. S2Na2. SjNa,. S4Na,. S^Na,.] 
Sodium salts soluble in water. Sodium chloride ClKa. ** Oom- 
inon salt," the commonest salt of sodium. Oubes, soluble in 2} 
])arts of water at i^^.s ^* Fuses at red-heat, and volatilizes. 
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Antiseptic. Source of CIH. ClNa + 80,(0 H)^ = SOaOH(ONa) 
+ can p. 1 8. Then, by greater heat: ClNa + 80jOH(ONa) 
= SOsCONa), + CIH. SBbomide BrNa, in sea-water. Iodide 
in sea-water and in kelp. In cubes. Sonroe of iodine (p. 21). 
2lNa + MnO, -h 3802(OHY. = 2r(S0,0H(0Na))] + SO.O^Mn 
4- lOH^-flj. Sulphate SO^NajjioOH,. In 4-sided prisms 
soluble in 2 of water. Effloresces and loses all its water. 
Aperient: " Glauber's salt." Htdroxyl sulphate S0,0H(0Nh). 
Very acid; non-deliquescent. By heat: a. 2S020H(0Na) = 
OHj -f- S02(ONa)j,808 ; then, b. SOJ 0Na)j,80, = SO^Na, + 
8O3. Sulphite 80(OXa)2, 1 oOHj. Oblique, efflorescent prisms, 
soluble in 4 of water. Thiosulphate SSO(ONa)j,50H2 is 
the sodium liyposulphite of commerce. Used in photography. 
SoDiXTM carbonate COCOHa),, or loOH, or NagCOgjioOH,, in 
oblique rhombic prisms, soluble in 2 of water. Effloresces, 
fusible. Prep, a. Of •* saU cake " : 2ClNa + 80^0H)2 = 2CIH 
+ S02(ONa)2. 6. of ** black-ash;* or '"baUrSoda." SOaCONa)^ 
+ 40 = 4C0 + SNaj. sSNa, + 7[CO(020a)] = 5SCa,2CaO -h 
2CO2 4»5CO(ONa)2, and this carbonate loses much of its CO, 
and becomes ONa, at the high temperature. The black-ash 
therefore contains from 20-2 7 per cent, of sodium oxide : the 
black-ash dissolved in water, evaporated and crystallized as 
GO(ONa)2,ioOH^, and the mother-liquor containing HONa, 
evaporated, mixed with saw-duBt, roasted in a reverberatory 
furnace, and residue is the soda-ash of commerce. Re-dis- 
solved and crystallized as C0(0Na)2,io0H2. Sesqui-oarbonate 
2C0(0Ha)2,C0(0H)2,20H2 is "Trona salt,*' or "Natron," found 
native in rhombic prisms terminated by 4-sided pjrramids. 
Sodium hydboxtl carbonate CO(OH)(OKa), is ^* bicarbonate 
of soda." A white powder, soluble in ten parts of water. Its 
solution, made in the cold, does not precipitate solution of 
magnesium sulphate, which distinguishes it from the carbonate 
of sodium. Ortho-silicate Si(0Na)4. Glass is a mixture of 
various silicates, chiefly sodiiun and calcium silicates. Soda- 
glass is more brilliant than potash-glass, but has a greenish 
tint. See Calcium for glasd (p. 46). Sodium di borate OlTa,, 
2B20,,ioOH2 is '* Borax." Native in Thibet; in flattened 6-Rided 
prisms with tri-hedral summits. Soluble in 12 of cold, and half 
their weight of boiling-water. "Tincal" in commerce. By 
heat intumesces, loses its water and melts into a clear bead. A 
good flux, and solvent of metallic oxides. Source of boracio 
ACID B0(0H),0E2. Sodium nitrate ITOjCONa), native in Atacama, 
Iquique, &c. In obtuse rhomboids, soluble in 2 of water. 
Somewhat deliquescent. 85 parts NOjONa yield as much 
NOjOH as 101*1 parts of NO2OK. Phosphates, a. orthophos- 
phates. Orthophosfhate of sodium F0(0HX0Na)2,r20E2, is 
the rhombic phosphate, or di-sodium htdroxyl phosphate. 
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Obliqne-rhombicprismsof saline taste, soluble in 4of water. [Soln- 
tion alkaline, added to neutral silver nitrate, yellow precipitate 
of silver ortho-phosphate and free nitric acid : PO(OHXONa), + 
sNOjCOAg) = aNOgCON/i) + NO,OH + POCOAg),.] By add- 
ing UOKa, we obtain OH, and tbi-sodium phosphate FO(OKa)„ 
12OH2 ^ 6-8ided prisms. But, by adding obtho-phosphobig 
acid PO(OH), to di-sodium hydrogen pliosphate, we obtain 
two molecules of: sodium di-hydroxyl ortho - phosphate 
P0(0H)20 Na. S0DIUM-AMMONIUM-HYDROXYL-OBTHOPHO8PHATB 
P0(0NaX0NH4X0H),40H2 is *' rnicrocosmic salt." Transparent, 
efflorescent prisms. Prep. CIH^N + POOH(ONa)j = ClNa 
+ PO(ONaXOHXOH4N),40H2. 6. pyrophosphateB. Sodium 
PTBOPHOSPHATE F203(OKa)4,ioOH2. In prisms. By heating 
P00U(0Na)2 to low redness, and crystallizing from water. 
Thus; 2POOH(ONa)2 = Ottj + PjOaCONa)^. c. metaphog- 
phates. Sodium metaphosphate POjONa. Transparent glass. 
By igniting P0(0H)20Na = 0H« + PO^CONa). Or, by igniting 
rnicrocosmic salt. POONaOH^NOH = OH, + H,N + POgONa. 
Soi)iUM PLATiNic CHLORIDE 2ClNa,Ol4Pt, in striated yellow 
prisms, very soluble in water. Insoluble salt. Di-htdbio ptb- 
ANTiMONATE OP SODIUM Sb203(OH)2(ONa)2,60H2. . 

The spectrum of Sodium is distinguished by one fine bright 
double line of yellow color, identical in position with the dark 
solar line called D. 

[HI. lithium L = 7. Lj = l^* 

A white, lustrous metal, fusible at 180° C. Sp. gr. 0*59. 
The lightest solid known. From Xido^, a stone. Very oxydiz- 
able. Volatile at a red-heat Frep, from fused GIL by elec- 
trolysis. One baiio oxide. Lithium oxide OL,. Discovered by 
Amredson in 181 8. Lithium hydbate HOL, far less soluble 
than HOE and HONa. Fuses below red-heat, and destroys 
platinum vess'els. Lithium salts in various mineral waters and 
in the ashes of plants. Chloride GIL, 2 OH,, most deliquescent. 
Purple color to flame. Very soluble in mixed alcohol-ether, in 
which CIK and ClNa insoluble. Cabbonate COCOL)-, sparingly 
soluble in water. Lithium sulphate S02(0L)2,0H2, iu flat 
tables, very soluble. Addition of solution of barium-hydroxide, 
removes the radicle, and gives lithium hydroxide. Lithium 
OBTHO-PHOSPHATB PO(OL)„ insolublc in alkaline phosphates 
and in alkaline solutions, but very soluble in dilute acids. 

Sources of lithium, besides springs, are : lepidolite F(LK), 
Oj Al2,2 SiO,. Spodumene or triph ane 3 0(LNa)2,40, Al^, 1 5 SiO,. 
Petalite 30(LNa)2,40,Al2,3oSi02. Pounded, and ignited with 
twice their weight of Calcium oxide. The mass is first treated 
with CIH, then with mjS>^)n aiid the S02(OL)2 separated by 
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water from the little soluble SO^CO^Ca). Solution of barium 
hydroxide will change SOjCOL)^ into 2(H0L) + SOj(O-Ba). 

By the Bpectroscope, traces of Lithium discoverable by a 
brilliant crimson band, wliich has a refrangibility between that 
of the lines B and C of the solar spectrum.j 

[IV. Gaesinm Cs = 183. Cs^ ■= 266. 

Discovered by Bunsen and Kirchoff in i860 in a spring at 
Dilrkheim. Mure electro-positive than potassium. The name 
from cKsiu», lavender-blue, in allusion to the two brilliant 
bands produced by it in the spectrum of a gas-flame. Traces of 
the chloride in the ash of tobacco, beet-root, coffee and grapes. 
A rare mineral "Pollux," from Elba, contains 32 per cent. 
Forms a crystalline amalgam with mercury. Very oxydizable. 
Two ozideg : one basic. Caesium oxide OCSg. Caesium hydroxide 
HOCs, very deliquescent and caustic. The most powerful base. 
Saltf. ClGf in cubes. SOXOCs),, very soluble. NOsOGs, iso- 
morphous.with NO2OK. COCOCs),, deliquescent. COOHOCi, in 
brilliant prisms. Caesium flatinic chlobidb iClCSfClfPt ; the 
least soluole of the platinic salts.] 

[V. Bnbidinxn Bb = 85.4. Bb, = 170.8. 

Discovered by Bunsen and Kirchoff. More electro-positive 
than potassium. Brilliant silver-white metal of sp. gr. 1.52. 
Melts at 38^.5 C. The name from rubidiM, dark-red, because 
the spectrum of its salts exhibits a remarkable pair of red lines, 
less refrangible than Fraunhofer's line A. Most oxydizable. 
Like caesium it is contained in certain springs : in the ashes of 
some plants, and in a variety of Lepidolite. Two oxides : one batio. 
BuBiDiUM oxide OBb,. Hydrate HOBb is deliquescent. GlBb, 
in cubes; very deliquescent. SOgCORb), in hard, brilliant 
prisms. Forms alums like sulphates of E,, Na,, Cs, and (NH^),. 
Carbonate .CO(ORb)„ deliquescent. Rubidium platinic 
CHLORIDE 2ClBb,ClJ^ only less soluble than the respective 
Caesium compound.j 

Ammoninm (H4N) = 18. (?) 

• 

The salts of the hypothetical metal Ammonium are best con- 
sidered in this place, as they closely resemble those of potassium. 
Many indeed are isomorphous (similar in form, and analogous in 
composition). So-called ammonium-amalgam is formed by addi- 
tion of a solution of CIU4N to amalgam of sodium. Breaks up 
spontaneously into H and HgN*. 

Ammonium must not be mistaken for nitrogen hydride, or 
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ammonia H3K. p. 8. HjN unites with many metallic salts. Thns 
with:ClAg,2H,N. Cl2Ca,6H3N. CljCaSHgN. S0.,(0,Cii),4HaN, 
OH,. N02(OAg).3HjN. When H3N and dry CO, are brought 
together, we ohtain ammonium carbamate C0NH^0H4N). Cab- 
BAMTC ACID CONH^COH), has not been isolated. One atom of 
amidogen H^ dispLices i atom of OH. So-called cabbamedb 
COCNrig), would be formed by substituting NH, for OH, and 
this liappens when ammonia and carbon-oxy chlor ide 0001, are 
brought togetlier. Ammonium sulfhamate SOjKHjOHflT, results, 
when 80, and iHjN are brought together. With acids, it is 
different : we have salts of ammonium. Ammonium hydbogen 
SULPHIDE SHCHfK) is the common test for the metals, precipi- 
tating in neutral solutions, black sulphides of ferrous, cobalt and 
nickel, white zinc sulphide and aluminum hydroxide, flesh- 
colored manganous sulphide, and greenish chromium hydroxide. 
Prep, by saturating H,N with SH,. Absorbs O and becomes 
yellow disulphide S/H^NV Thus: SSHCH^N) + sO, = 4OH, 
+ 2[Sj(H4N)J 4- 2[820(OH4N)J. Dissolves as sulphur salts 
the electronegative sulphides; with evolution of SH,. Am- 
monium CHLOBIDE OIH4K = 53.5 =4 vols. Or HgNOlH. Semi- 
transparent, tough, fibrous. In cubes, octahedra or fern-shaped. 
Soluble in less than 3 parts of water. Iodide I(H4N). Nitbatb 
NOjOCH^N), source of NjO at 35 o*' C. and of 2OH,. Striated 
prisms. Nitbite N0(0H4N); by heat into 2OH2 and N^. 
Sulphate SO.XOH4N)-, in prisms, soluble in two of cold water. 
Oabbonate C0(0H4N)2. Sesquicarbonate op ammonium 
2[CO(OH4N)2],COj. <* Smelling-salts.*' By loss of ammonium cab- 
bamate C0H«N(0H4N), into ammonium hydbogen oabbonate 
C0(0HX0H4N) (two molecules). Pr&p. by subliming am- 
monium chloride with calcium carbonate : 6ClH4N-|-3CO(02Ca) 
= 30l2Ca + OH2 + 2H3N + sesquicarbonate. Ammonium 
sodium hydroxyl phosphate PO(OHXOH4NXONa),40H2 is mi- 
erocosmic salt. Intolnble salt. Ammonium platinio chloride 
2ClH4N,Cl4Pt, yellow powder ; contains 7 .62 per cent, of HjN. 



Metals of the alkaline earths. 

Symbol. At weight. 
Barium . . Ba = 137 . . 
Strontium . Sr = 87-5 • . 
Calcium . . Ca = 40 . . 


Sp.gr. 
4.000 
2 540 
1.578 



Dyad metals which decompose water at ordinary temperatures. 
Their oxides are strongly basic, alkaline, soluble as hydroxides 
Carbonates insoluble in water; bi-carbouates are soluble. Most 
of their salts are insoluble in water. In solution, they can be 
separated from the alkalies by boiling with ammonium carbonate. 
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VI Bariudi Ba = 187. 

Dyad metal of silver-white oolor. It is malleable, melts 
below red-beat, and oxydizes readily. Name from fiapvs^ heavy. 
From fused CIgBa by electrolysis. Two ozides. BaO and BaO,. 
One basic: barium oxide A,0, Grey and fusible. Barium 
HYDROXIDB (OH^Ba, crystallizes with 8OH2 :, soluble in 20 of 
cold and 2 of boiling water. Solution strongly alkaline : test for 
CO,. Also used for making certain hydroxides from their 
bulphates. Thus : SO^COK), + (OH),Ba = SOgO^Ba + 2HOK. 
Very poisonous: antidotes, Sodium or Magnesium sulphate. 
Prep. a. by heating (N0j)20^a to redness, h. by boiling 
solution of barium sulphide with Gupric oxide. CSBa + 5OH2 
+ bGuO = 4SGU2 -f SgOCOjBa) + 5(OH)2Ba. Barium dioxide 
or PEROXIDE BaO,. Grey. Hydrate Ba02,60H2. Used for 
making OjH,, p. 7. Also a source of Oxygen. Prep. BaO 
heated in a stream of dry air = BaO,. Also by fusing Oi020K 
with BaO. ClO^OK + sBaO = CIK4. sBaO,. Dissolve in wat.r 
and Ba02,60U2 separates. Sulphide of barium BaS. By 
strongly heating SO^Ba with charcoal = 4GO + BaS. Htdrated 
sulphide BaS,60H2, in colorless crystals. When dissolved in 
water : 2Ba8 + 2OH. = (0H)2Ba + BaS.SH,. Barium sulphide 
used for making soluble Barium salts. Soluble salts. Barium 
chloride Cl2Ba,20H2, in flat 4-Bided tables, soluble in 2^ parts 
of water. Yellowish-green color to flame. Test for soluble 
carbonates, phosphates, sulphates, &c., as these salts are insoluble 
in water, but soluble in GIH except SO^Ba. Insoluble in 
alcohol. Barium nitrate (N02)2(02Ba). Octahedral. Soluble 
in '8 parts of cold and 3 of boiling water. Less soluble in GlH 
and in NOjOH. Green-fire is a mixture of 45 parts of dry 
nitrate, with 15 of S, 10 of GlOjOK, 2^ of lamp-black and i^ 
of SaSb,. Requires great care in mixing. Barium chlorate 
(Cl02)202Ba. Beautiful green color to flame. Acetate, 3OH2, 
in flattened prisms. Barium thiosulphate SjOCOjBa^fOH,, in 
small, brilliant crjstals. Insoluble salts. Barium sulihate 
SOfBa. Native as " heavy spar " in right rhombic prisms and 
maFsive. Sp. gr. 4.59. Source of Barium salts by ignition 
with charcoal : into sulphide. Used for adulterating white lead. 
Insoluble in CIH or NOgOH. Carbonate op bariim COCO^Ba). 
Native as *' Witherite " in 6-sided prisms, terminated by 6-sided 
pyramids. White powder, soluble as GljBa or (N02)202Ba in 
the respective acids : CO, evolved. Barium silicofluoride 
72Ba,F4Si. Chromate CzOfBa, yellowish powder. Barium is 
weighed as SO^Ba, containing 65 . 66 per cent, of BaO. 

The spectrum of barium contains a number of characteristic 
green lines, by which it is easily detected. 
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Vn. Strontinm 8r = 87.5. 

A dyad metal of yellow color. Sp. gr. 2 . 5 4. Harder than lead. 
Decomposefl cold water. The name &om Strontian in Argyle- 
shire, where Hope discovered ** Strontianite," the carbonate of 
btrontium. Prep, from fused chloride, CljSr. Two ozides» SrO 
andSrOg. Only one basic ; Strontium oxide SrO. White. From 
(N02)2(02Sr) at a red-lieat. With water, hydroxide Sr(OH)2. 
Its HYDRATE Sr(OH)2,8aq. requires 50 parts of cold and 24 of 
boiling water for solution. Strongly alkaline: a test for GO,-. 
[Strontium feroxidb SrOj. By O, over heated Strontium 
oxide.] Sulphide SSr. From SO^Sr + 4G = 4CO + SSr. Salts 
of strontlnin: soluble in water. Chloride Cl28r,60E2. Deli- 
quescent needles, very soluble in alcohol and thus separable 
from CljBa. Bums with crimson flame. Nitrate (902)20281, 
5OH2, octahedra soluble in 5 of water. (** Red-tire " a mixture 
of 80 parts of dry nitrate, 22 parts of S, 20 parts of GIO^OK and 
5 parts of lamp-black. Great care required in mixing: no 
pounding in mortar.) Chromate CrO^Sr. Silioo-fluoride 
YjSit^fii, Insoluble salts. Sulphate of strontium SO^Sr, 
native hs '^Celestine" in right-rhombic prisms of bluish hue. 
Often accompanies 8 in Sicily. Carbonate COOjSr, native as 
Strontianite. Phosphate P00H028r, white powder. Strontium 
estimated as 804Sr,, containing 36.52 per cent of SrO. The 
spectrum is most cliaracteidstic. 

vni. Caloium Ca = 40. 

A dyad metal, never native. Light-yellow <»olor. Sp. i . 5 78. 
As bard as gold, malleable and ductile. Tarnishes slowly in 
dry air. Decomposes OH, immediately. Burns magnificently 
when heated in O into CaO : in Clj into ClgCa. Prepared from 
fused mixture of 2Cl2Ca with 01,81, by electrolysis. Also from 
IjCa by Na^ = 2NaI -h Oa. Two oxides : CaO and CaO,. One 
basic oxide : Oaloiun oxide CaO = 56. The well-known ** Quick- 
lime." White, caustic, infasible. In oxy-hydrogen an intense 
light : lime-light. With water it combines, heats and slakes : 
into Calcium hydroxide (0H)20a or " slaked lime,*' soluble in 
700 parts of cold and 1280 parts of boiling water. Alkaline. 
Absorbs CO, : a test. Absoros SH, as OH, and SCa. Excess 
of (0H)2Ca in lime-water, called ** milk of lime.' Calcium 
hydroxide in mortars, cements, &c. Frep, by heating calcium 
carbonate COCOjCa) to redness: 0O(O2Ca)=CO2 + CaO. [Cal- 
cium peroxide Ca02,80H2 is precipitated by adding lime-water 
to SODIUM PEROXIDE Na202.} Caloium sulphide 8Ga. White, 
insoluble in water. Phosphorescent. Prep. S04Ca 4*40 = 
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4GO + SGa. Chief constituent of eoda-waste. When moiat, 
absorbs O, and supplies calcium thiosulphate, 8jO(02Ca). 
Thus : 2SCa + OH, + 2O, = Ca(OH), + BjOCO^Ca). [Calcium . 
PENTA-SULPHIOB S5Ca. By boiling S, with (OH^jCa, we obtain 
Ihiosulphate as well. Thus : 3[(0H)jCal + 68, = jOHj-F 
S,0(OaCa) + 283Ca. Calcium phosphide PgCa^? By distilling 
P, withCaO. 7P, + i4CaO = 2[PjO,04CaJ + 5 P^Ca,.— Calcium 
8ILICIDB SiCa, in lead-grey scales. By CIH into silicone or 
OHKYSEON Si^OfE,.] Salts of caleium: soluble in water. Chlo- 
BiDE GI,Ga,60H2f in striated, deliquescent prisms. Saturated 
solution boils at 1 79°. 5 C. By heat at 150*^ C. into Cl2Ca,20H, ; 
porous, used for desiccating gases. Found in sea-water. Arti- 
ficially : COOjCa + 2CIH = OH, -i- COj -h Cl,Ca. Absorbs 
H,N. [Bkomide BTgCa. Iodide I^Ca.] Oxy-chlobidb Ol^OCa, 
see p. 19. ''Chloride of lime." Evolves CI, in air. Made 
from calcium hydroxide by absorption of CI,. According 
to Kolb, Cl40cH9Ca3 by solution in water into : 2OH2 + CljCa 
-f- (OH),Ca + (OCl),Ca.— Calcium chlorate (C102),0,Ca, 
deliquescent. Nitbatb (N02)202Ca in ' deliquescent prisms. 
Calcium bi-cabbonate C0(02Ca).C0(0H)2, in Calcareous waters. 
Deposited as COOjCa in so-called " stalactites " and ** stalag- 
mites." ** Temporarily hard " waters contain it : softened by 
boiling or addition of Calcium hydroxide;— Clark's process. 
Sulphate S0202Ca,20H2. Transparent, flattened prisms as 
** Selenite.*' Rectangular prisms as " Anhydrite " B02(02Ca). 
Massive, found as alabaster. Soluble in 400. Heated below 
260° C, loses its water and forms "gypsum" or "Plaster of 
Paris." Contained in all spring-waters. Calcium teiiia- 
hydroxyl obtho-phosphatb P202(0a)4(02Ga) is so-called ** super- 
phosphate " when yet mixed with SOjCOjCa) in manure. Used 
ill making P,. Insoluble caloinm salts. Galdnm carbonate 
COCOjCa) = CaCO, = 100. As marble, limestone, oolite, clialk, 
&c. In coral, shells, &c. Dimorphous, rhombdliedral m "Ice- 
land spar " and in 6-sided right rhombic prisms in '* Aragonite." 
CljCa -f C0(0Na)2 = 2ClNa -h COOjCa. Caldnm fluoride FjCa. 
In cubes, octiabedra and massive in ** fluorspar." Used for orna- 
ments, and for making FE and 2FH,8iF4 (pp. 23, 25) Cal- 
dnm orthophoephate p202(02Ca), in bone-eurth. Native as 
Apatite FjCajifPsOgCOsCa),.] Is precipitated by phosphates 
from soluble calcium salts with 20Hx. [Sodium-calcium 
bobatb [2(jBO,ONa,02Ca.)3B20„i80H2j, native at Iquique, 
Peru.] 

Calcium is precipitated quantitatively as oxalate C20202Ca, 
and weighed as oarbo&ate C0(02Ca), which contains 56 per cent, 
of CaO. 

The speotrom of Ca is peculiar, containing a number of 
distinct bright lines. 
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The XagnesiaiL Oronp 

SymboIiB. At. weight. Sp. Gr. Melting-point. 

Magneaiiim . Mg = 24 . 1.743 . 

Zine . . . Zn = 65.2. . 7.146 . 4i2°G. 

Cadmium. . Cd =112 . . 8.604 . 228^0. 

Olueiniim. .Be = 9.3. .2.100 . 900^0. (?) 

The metals belong to the dyad group and are volatile and 
combustible. Only one oxide. Tiieir carbonates are soluble in 
ammonium carbonate. 

DC Xagnesiom Mg = 24. 

A dyad metal, never native. Silver-white, malleable and 
ductile. Sp. irr. t . 743. Very slowly oxydizes in damp air, to 
magnesia. Nearly as volatile as zinc. Bums brilliantly when 
heated in O, in CI, Br, I, S vapor, &c. Its combustion in air, a 
substitute for sunlight in photography. Unites directly with N. 
Dissolves in HCl evolving H^. Precipitates Zn, Fe, Co and Ni 
from solutions of their salts. With As and Sb salts, acidulated, 
Mg gives rise to H,As and H^gb. Prep, of Hg. From CljMg 
-h Naj = 2ClNa + Mg. Also from fused chloride by electrolysin. 
One ozlde : basio. Magnesium oxidr MgO = 40. White, infu- 
sible, alkaline. As hydroxide (0H)2Mg requiring 5 142 parts 
of water at 0° 0. for solution, and over 36,000 parts at ioo°C. 
Is precipitated as such, from all its soluble salts by any of th» 
preceding hydroxides. Thus : (OH),Ca -f- Cl^Mg = CljCa + 
(0H)2Mg. Prep, by heating 7?ta^7tma alba: then called magiiena 
usta. Sulphide 8Mg sparin^rly t-oluble. By SjC in vapor over 
red-hot MgO -f- C. Kitride NsMg, is crystalline. Salts of mag- 
neaiam : soluble in water. Chlobide ClsMg, white, deliquescent. 
Utted in making Mg. In prisms as Cl2Mg,60H2. Oxt-chloride 
MgCl^fMgO, sets with water like plaster of Paris. Bromide BfjM^, 
in sea-water. Magnesium Sulphate S02(02Mg),70H2, ** Epsom 
salt.'' Right rhombic prisms soluble in 3 of cold and i^ of 
boiling wstcr. Nauseous taste. In sea and other waters. 
Springs at Epsom. Prep, from mother-liquor of sea by calcium 
hydroxide and the hydroxide of magnesium by SOjCOH), into 
sulphate. Or, from dolomite by SOjCOH),, and separation of 
resulting sulphates by water. Nitrate (K0j)202Mg,6OHj, 
deliquescent prisms. Insoluble salts. Magnednm earbonate 
COOgMg = 84. Native as *' magnesite," whit^ hard, amorphons. 
The most abundant magnesiun mineral is ''Dolomite," a car- 
bonate of caloium and magnesium C0(02Ca), COCOjMg), valuable as 
building-stone (Houses of Parliament). From a solution in (X), as 
COCOfMg), 3OH2. Magnesia alba of Pharmacy is a basic oirbonatc, 
a varying mixture of the carbonate with (0H)2Mg. Magnesium 
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hyi^oxyl ortho-phospliate POCOHXO^Mg), 7OH,, in minute 
needles. Ammomnm magnesium orthophosphate PO(OH V) 
^2Mg)60H, known as " triple phosphate." Quite insoluble in 
7i? x; ^7^xt\* ^^^ •". ^^ag^osiiutt pyrophosphate P^OaCO-Mg),, 
(H,N and OH^) containing 36 . 21 per cent, of MgO. Magnesium 
estimated as such. [Silicates are very important minerals MnO 
and FeO often substitute, in part, or entirely. MgO and CaO 
ChryBoUte Si(0,Mg),. Meerschaum 2[SiOO,Mg]f Sio! 4OH * 
Talc4[SiOO,Mg],8iO,40H,. 8teatiteo^soapsto^^^^^ 
biO,, Serpentine 2[Si00,Mg¥0H),Mg,0H,. Angiteismagnlsium 
and calcium silicate, in which Fe and Mn interchange Horn- 
blende 18 also a silicate of Mg, Ca. Al and Fe, with FK and 
* jUa. Asbestos is a variety of hornblende. 

X. Zinc Zn = 65.2. 

A dyad metal never native. Bluish-white. hard and lustrous, 
pp. gr. 7 . 146. Melts at 412° C. ; boils at 1040° C. It is brittle 
but between 100° 0. and 150° C, it is malleable and ductile! 
Oxydizes very s bwly. hence used for coating sheet-iron. Readily 
attacked by CI, Br and I. Dissolved by the acids Zn -i- 

-f H,. 3Zn + bNO,OH=3[(NO,),4zu] + 40H^+ .So. Ako 
by POTASSIUM HTDROxiDE : Zn -f 2HpK = H,+0k„ OZn. Zinc, 
the electropositive element m most batteries ; the wire attached 
to It 18 the zincode or negative pole. Precipitates most metals, 
but 18 precipiteted by all the preceding. Burns with luminou^ 
greenish light into its one oxide. ZnO. One basic oxide: Zinc 
oxide ZnO = 81.2. White amorphous powder, insoluble in 
water. Canary-yellow whilst red-hot. "Tutty ' is impure ZnO. 
Isomorphous with MgO. Zinc hydroxide (OH),Zn. is white 
gelatinous, insoluble in water, soluble in H^N and in HOk' 
Zinc sulphide SZn. Native as Blende, the common ore of zinc • 
lu rhombic dodecahedm. Its hydrosulphide OH„SZn is white and 
insoluble m HOK. Not precipitated it, acid^lutions of zinc- 
salts by SH„ but in neutral by SHH.N. Metallurev • when 
roasted^ SZn iiito ZnO + SO, : tl.en ZnO is reduced by charcc^^ 
wv?"*"Pr^^»+l^; Sadts soluble in water. CHLOKiDEClT. 
White, deliquescent fusible at 100° C. An e.ct.arotic. Also 
forms *• Burnett s disinfecting liquid." Sulphate SO,oX 
7OH2. in colorless 4-8idefl prisms ; efflorescent. " White vitriol »' 
Soluble in 2^ parts of cold water. Used in medicine and by 
^ico-prmter^ Insoluble salts. Zinc carbonate COO,Zn native as 
diamine the best ore of zinc. White, when pnre. M^^wr^ 
By roasting = ZnO -i- CO,. Then- the oxide reduced by cSJ: 
coal J and distilled. Precipitated as a basic carbonate jPOO 7« 
5[(0H)^n],0H,. Smoat/ Si(O.Zn,),OH, T ai^t'Kl 



. BEBYLLIDM. 



ZI. Csdminm Cd = 112. 
A tlrsd mt^tel, never native. Tin-nhite, malloable and doc- 
;!t-. aielti at Jl8°G; boils at 86o°C. Sp. gr. M,6. More 
I'-laiil^ than iiDo, the Ores of which it accompaniea. Tamidies 
t>ai litile in air. Bonis when Btroagl; healed in air, depositing 
>'tv>wnish fames of the oxide. Keadil; dissolved by OlU, by 
^VUU),.]OH,ai]dby NO,OH. Only ona oside : telle. Uad- 
HiVM OXIDE CdO = 1 18. Brown. Htdroxidb (OH),Cd is white, 
iua>luble in HOE, soluble in H,N. Cadhiuh bulpbide StM, 
vrilow. Native as " Greenocklte," in 6-sided prisma. Its 
HVl'KATE (OH),SCd, vellow, IB precipitated by SH, from solutiooa 
'■('iMdmiumsalts.aiiilmay thus be separated from zinc -salts, The 
■Mai OO, obtained by coaatiog SGd, and reducing the CdO with 
i-haroML In Zinc-ores containing Cadmiiun, the latter, bein^ 
utore \i>latile, may be received apart as long as brown fumea are 
dt'poeited. Soluble B«lts. CHuiRiDBCl,Cd,iOE2, -t-aided priams. 
Iodide I,Cd. in pearlv scales. Nithate (NO,],0,Cd. StLPUATi-; 
90,0,Cd,40H, very soluble. Insoluble salts. CBitmuate of Md- 
■ism. C(H>,Cd, white, and insolublo in ammonium carbonate : 
ilius separated from zinc aa carbonate. Estimat^i as oxide CdO, 
vhich coulaiuB B7.5 percent, of metal. 

[Zn. Qlnoiniim or BeryUinm Be = 9 . 3. 

A dyad metal, never native. White, lustrona, malleable and 

ilHctile. 8p. gr. i.i. Fusible at 900° C.? Does not decompose 

Kjitcr. OH and SO^OH),.iOH,. dissolve it aa chloride and 

enlphate ; H, evolved. NO,OH only a feeble action. Prtp. from 

CljUe -H Na, = zOltfa -(- Be. Only one oxids ; buio. Beryllinm 

oildeBeO=25.^ White, insoluble in water. Hydroxide(OH),Be, 

,n;lattnous, white, and soluble in ammonium caibonate, and 

^ cjsily separated from aluminum hydroxide. Absorbs CO, 

fioffl the air, and displaces HjN from its salts. Qlvoinnm 

(laniinate AI,0„B90 occurs native in the gem '' chryio-beryl." 

ailitble salt*. Sweet : hence y\viiis sweet. Gi.ucuiuu chlobuie 

3. Crystallizes Cl.Be.^OH,. 

ledra. So ftlnm. SO^OK),. 

tho-silicate Si(0,Be,), native 

"beryl'' (Mmetimes BO cleur 

»ctaelca) is double lilieUa at 

.,0,.68iO,. After removal of 

ith FjCa and SO,H„ the ro- 

part, separated by ammoniuiii 
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Rrulphate which forms an **alum " with the aluminum. Au reste, 
beryl-hydroxide is soluble in ammonium carbonate. Estimated 
as beryllium oxide BeO.] 

t 

Metals of the earths. 

Symbol. At. weight. 



AlnTninnni 


. . Al 


= 


37.50 


Yttrinm 


, Y 


=3 


92.00 


Erbium . . 


. . E 


= 


168.90 


Lanthanum 


. La 


= 


139.00 


Didymixun ' 


. . D 


= 


144^75 


Cerium . . 


. Ce 


sr 


138.00 



These are triads, or pseudo-triads. Their oxides are of an earthy 
character, and have the most powerful affinity for oxygen. 
They are precipitated as hydroxides by ammonium sulphide. 

Xm. Aluminum Al = 27.5. 

Tetrad in aluminum ethide (02115)4 Al; as pseudo- triad in 
chloride (01gAl)2. Never native. Discovered by Woehler in 
1827. White metal with bluish tint, malleable, ductile. Sp. gr. 
2.6. Fuses at about 450°C. Bums with bluish-white light in 
oxygen. Inalterable in air : used for weights. Not attacked 
by NOjOH ; easily by CIH. 6C1H + A1^ = 3H2 + Cl^ALj. Dis- 
solved by potassium liydroxide. Alloys. Aluminum bronze GU9AI. 
Frep. of AL a. by electrolysis effused 2ClNa,CleAl,. h. 2ClNa, 
ClflAlg -(- 3Na2 = 8ClNa -f 2AI. c. from Cryolite with sodium ; 
6FNa,FeAl2 + 3Na2 = i2FNa + Alj. Only one oxide : basic. 
Aluminum oxide O3AI2 = AljO, = 103. Native as *'conm- 
dum " in 6-sided prisms ; emery is pounded corundum. ** Sap- 
phire" and **ruby" are tinted AlgOj. Pure aluminum oxide 
is white, and fusible in oxy-hydrogen. After strong ignition, 
insoluble in acids. United with various bases to aluminates. 
Chryso-beryl Al208,BeO. Spiaelle ruby is AljOsjMgO. Gah- 
nite Al203,ZnO. Sodium alurainate (ONaa)8Al208 is made 
from Bauxite, a hydrated aluminum ferric-oxide. Aluminum 
hydroxide (0H)gAl2, yellowish, translucent mass. " Diaspore ** 
is a natural hydroxide (0H)202Al2 or OH2,Al208. Soluble in 
HOK ; insoluble m H^N. The basis of " clay." Sulphide S3AI2 : 
by burning Al in the vapor of sulphur. Salts soluble in water. 
Alumiitcm chlobzde CleAlj = 268. Crystalline, translucent ; 
sublimes at a dull red-heat. Deliquescent. GleAl2,i20H2 in 
6-sided prisms. AljOj -f 3O -h 3CI2 = 3CO + Cl^Ali. Alu- 
minum SULPHATE (S0s)3(02)3Al2,i80H2 in thin scales, soluble 
in two parts of water. Prepared by decomposing clay with 

E 2 
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called electric calamine. Zinc is best weighed as ZnO ; loo piarts 
contain bo . 24 of Zino. 

XI. Cadmlom Gd = 112. 

A dyad metal, never native. Tin-white, malleable and duc- 
tile. Melts at 228° 0; boils at 860° 0. Sp. gr. 8.6. More 
volatile than zinc, the ores of which it accompanies. Tarnishes 
but little in air. Bums when strongly heated in air, depositing 
brownish fumes of the oxide. Readily dissolved by OIH, by 
802(OH)2,20H2 and by NO^OH. Only one oxide : basic. Cad- 
mium OXIDE CdO =128. Brown. Hydroxide (0H)2Gd is white, 
insoluble in HOK, soluble in H,N. Cadmium sulphide SOd, 
yellow. Native as " Greenockite," in 6-sided prisms. Its 
HYDKATE (0H)28Cd, ycUow, is precipitated by 8H2 from solutions 
of cadmium salts, and may thus be separated from zinc-salts. The 
metal Cd, obtained by roasting SCd, and reducing the CdO with 
charcoal. In Zinc-ores containing Gadmiiun, the latter, being 
more volatile, may be received apart as long as brown fumes are 
deposited. Solable salts. CHLOBiDECIl2Cd,20H2, 4-sided prisms. 
Iodide IgCd, in pearly scales. Nitrate (902)202Cd. Sulphatk 
S0202Gd,40H2 very soluble. Insoluble salts. Garbonate of cad- 
mium, GOOjCd, white, and insoluble in ammonium carbonate : 
thus separated from zinc as carbonate. Estimated as oxide CdO, 
which contains 87.5 per cent, of metal. 

[Xn. Olncinnm or Beryllium Be = 9.3. 

A dyad metal, never native. White, lustrous, malleable and 
ductile. Sp. gr. 2.1. Fusible at 900° C. ? Does not decompose 
water. CIH and S02(OH)2,20H2, dissolve it as chloride and 
sulphate : Hg evolved. NOgOH only a feeble action. Prep, from 
ClzUe + Na2 = 201Na + Be. Only one oxide : basic. Beryllium 
oxide BeO= 25. ^ White, insoluble in water. Hydroxide(OH)2Be, 
gelatinous, white, and .soluble in ammonium carbonate, and 
80, easily separated from aluminum hydroxide. Absorbd CO, 
from the air, and displaces H3N from its salts. Olucinum 
aluminate Al203,B90 occurs native in the gem ^* chryso-beryV* 
Soluble salts. Sweet : hence y\vKvs sweet. Glucinum chlobide 
GljBe, sublimes in white needles. Crystallizes Cl2Be,40H2. 
Sulphate S0202Be,40H2, in octahedra. Ko alum. SOjCOK),, 
S0.^02Be,:aq. Insoluble salts. Ortho-silicate SiCOfBe,), native 
aa Phenahite. The ** emerald " or •* beryl *' (sometimes so dear 
as to have been used in Brillen, spectacles) is double silicate of 
aluminum and beryllium 3BeO,Al203,68i02. After removal of 
the SiOg, as.F^Si, by treatment with Ffi& and SO^Hj, the re- 
sulting sulphates can be easily, in part, separated by ammonium 
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sulphate which forms an '*alnm '* with the almninum. Au reste, 
beryl-hydroxide is soluble in ammonium carbonate. Estimated 
as beryllium oxide BeO.] 

Metals of the earths. 

SymboL At. weight. 



AluminuTn 


. . Al 


= 27.50 


Tttrinm . . 


. Y 


= 92.00 


ErMnxn . . 


. . E 


= 168.90 


Lanthanum 


. . La 


= 139.00 


Bidymium 


. . D 


= 144^75 


Oerinm « . 


. Ce 


= 138.00 



These are triads, or pseudo-triads. Their oxides are of an eartl ly 
character, and have the most powerful affinity for oxygen. 
They are precipitated as hydroxides by ammonium sulphide. 

Xm. Alnminnm Al = 27.6. 

Tetrad in alnminnTn ethide (GsH^XAl; as pseudo-triad in 
chloride {Ci^Al)^ Never native. Discovered by Woehler in 
1827. White metal with bluish tint, malleable, ductile. Sp. gr. 
2.6. Fuses at about 450^0. Bums with bluish-white light in 
oxygen. Inalterable in air : used for weights. Kot attacked 
by NO2OH; easily by CIH. 6C1H -f Al, = 3Hj + Ca^ALj. Dis- 
solved by potassium hydroxide. Alloys. Aluminum bronze Gu^Al. 
Frep, of AL a. by electrolysis of fused 2GlNa,GleAlo. h. 2GINa, 
Gl^Alj + 3Na2 = 8GlNa -f 2AI. c. from Cryolite with sodium : 
eFNa^FeAl, -i- 3Na2 = i2FNa -f Al,. Only one oxide : basic. 
Aluminum oxide OsAl, = AljO, = 103. Native as *^ corun- 
dum *' in 6-sided prisms ; emery is pounded corundum. ** Sap- 
phire" and '*ruby'* are tinted AlgOg. Pure aluminum oxide 
is white, and fusible in oxy-hydrogen. After strong ignition, 
insoluble in acids. United with various bases to alominates. 
Ghryso-beryl Al^Oj^eO. Spiaelle ruby is AljO,,MgO. Gah- 
nite AljOgfZnO. Sodium aluminate (ONas)3Al203 is made 
from Bauxite, a hydrated aluminum ferric-oxide. Aluminum 
hydroxide (OH)9Al2, yellowish, translucent mass. " Diaspora " 
is a natural hydroxide (OK)^^^ ^^ OH^Alfi^. Soluble in 
HOK ; insoluble in HjN. The basis of " clay.*' Sulphide SjAl, : 
by burning Al in the vapor of sulphur. Salts soluble in water. 
Aluminum chloride Gl^Al, = 268. Grystalline, translucent ; 
sublimes at a dull red-heat. Deliquescent. CIqAIj* i 2OH2 in 
6-sided prisms. Al^O, -f 3G -h 3GI2 = 3GO + CleAli- Alu- 
minum SULPHATE (S0s)3(02)3Al2,i80H2 in thin scales, soluble 
in two parts of water. Prepared by decomposing clay with 

E 2 
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SO^OH).. PoTAflBETM ALUM (JB0^tTtAJL24(aL„ m octahedia 
and in coubes, sohible in i8 of cold and 2 of boiling water. Loaes 
10 of OH, at 100° C, and other loOH, at 120°, and the rest at 
200° C. : alumen ugtum. Ammosium alum oontaiiiing (NH^Y, in 
place of E,, is prquoed from the H,K of gas-works, mixed 
with acid aluminnm salphate. All true monad metals may sub- 
stitnte E,. Thns Na^ Ga^ Bb^ L^ Tl^ Ag,. IiomorplLoiis 
salts, e^. [(80J,Na.A1^240Hrr KSO,)/NHJ,^,240H,.] 
r.804)4L^^240H^J 

Insdliible nits. Alnminiim fluoride r,Al,. As " Cryolite,*' in 
Greenland. sFNa, FfAl,. CSontains i ) per cent, of alnminmn. 
Qrtho-pho^hate P0(0^>. The " tmqnoise ** is a bydruted 
phosphate P^O^iAl^O^sOU^- Cilay is a liydzmted aluminnm 
silieate 2SiO»Al,0„20li^ VUspars. "Orfchodase" or '*ada- 
laria** is potasdnm felspar. 8i04AlX,28iO, or 6ffiO,,A],0„XyO. 
" Albite '* is sodium felspar, and ** Labiadorite** calcium fcdspar. 
'^Pomice" is altered felspar. "Obsidian" is fosed pnmice. 
** Granite " is a mixtoie of qnartz, felspar and mica — ^the latter 
consisting oi magnesimn and alnminom silicata "Syenite" 
contains Hornblende instead of mica. "Gramets*' are basic 
double silicates of calcium and aluminum. Olass is a mixture 
of Torious insoluble silicates with excess of silica. Bohemian 
glass is SiO,(OK)j,SiO(0,CSa),4SiOy [K,0.3SiO^CaO,3SiO,.] 
Crown-glass SiO(OK)„SiO(0,Ga),2SiO,. Flintglass. SiO(OK)^ 
SiO(02pb)4Si02. In this glass, lead replaces calcium. Bottle- 
glass contains aluminum and iron silicates, besides calcium 
and potassium silicates. It contains more basyl than the 
other varieties. [See Miller's ' Inorganic Chemistry,' revised by 
McLeod, p. 420.J 

[XIV. Yttrium Y = 92. 

Is a triad metal, never native. Bums brilliantly in O,. The 
name, from Ytterby in Sweden, where ** Gadolinite," a silicate of 
yttrium, glucinum, cerium and iron, is met with. Prep, from the 
chloride, by sodium. One basic (ndde: Yttria Yfi^ nearly white 
powder, of sp. gr. 4.842. Salts colorless. Salphate (S04)8Y,, 
8OH2. Colorless solution which does not exhibit an absorption 
spectrum.] 

[XY. Erbium E = 168.9. 

The metal probably a triad. Kot isolated. One baslo ozide. 
Erbium oidde EjOg. Faint rose-red color. Infusible, but glows 
with intense green light, exhibiting in spectroscope a continuous 
spectrum intersected by a number of bright bands. Sulphate 
(S04),E2, 8OH3, in rose-colored crystals.] 
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[XYI. TATithamnn La = 189. 

Discovered by Moeander in 1841 " hidden," \a»9ivv I lie hid, 
in Geriam. A triad metal never native. Chily one basic oxide. 
Iia,Oy baff-colored. Hydroxide (OH),La. Chloride LaOl,. 
Sulphate (SOJ^La,. Salts colorless, precipitated by soluble 
oxalates. No absorption spectrom.] 

[ZVn. IMdymiua D = 144.75. 

A triad metal, so named because of its close association (from 
iUivfuts twin) with Lanthanum. Discovered by Mosander. One 
iHurio oxide : Didyminm oxide D,0,. White. Peroxide DO,, 
brown. Salts rose-colored. Sulphate fS04),D2,8C)H,, isomor- 
phous with erbium and yttrium sulpnates. Salts exhibit a 
well-marked absorption-spectrum, containing two black lines 
inclosing a very bright space.] 

[Z¥III. Cerium Ce = 138. 

A triad metal never native. Discovered by Klaproth in 1803. 
The metal little known. Forms two ba«io oxides. Cerous oxide 
Ce,0, and Ceric oxide CeO,. Cerous oxide Ce^O,, greyish-blue 
powder, easily changed into CeO, by atr. Salts colorless. 
Oxalate used in medicine. Cbbio oxide GeO, is formed when 
CcjO, or (OH),Oe are ignited in an open crucible. Yellowish- 
white; orange-red whilst red-hot Hydboxide 3(OH^,2GeO, 
is of bright-yeUow color. Salts yellow, and brown-red. No 
ceric chloride, as CeO, behaves like MnO, towards GIH, yielding 
CeCl,.] 

Metals more or less allied to iron. 



Symbol. 


At. weight. 


Sp.gr. 


Ferrum . . Fe = 


56 . . 


. 7.84 


Manganesium Mn = 


55 . . 


8.01 


Gliromium . Gr = 


52.1 . . 


, 7.81 


Gobalt. . . Go = 


58.8 . . 


. 8.95 


Nickel . . . Ni = 


58.8 . 


. 8.28 


Uianium . . U = 


lao 


. 18.40 



This group includes the magnetic metals, as well as the dia- 
magnetic Uranium. They decompose water at a red-heat SH, 
in acid solutions, does not precipitate salts of these basyls. 

SIX. Femun Fe = 56. 

Very rarely native, except in meteorites, and in mica-slate at 
Ganaan in Goimecticut Almost silver-white: of sp. gr. 7*844. 
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red-heat. Contains S, As and Cu. " Cold short iron " is brittle 
at common temperatures : made from finery cinder Si (02Fe)2 
and always contains Phosphide of iron. Steel contains from 
0.7 to 1.7 per cent, of carbon. In the cementation process, 
iron unites with i . 5 per cent, of carbon. In " Bessemer " steel, 
wrought-iron is worked up with a sufficient quantity of' 
** spiegel-eisen " to give at once the necessary amount of carbon. 
By means of a blubt of air under pressure of 1 2 to 25 lbs. per 
square inch, the melted pig-iron has its carbon burnt into CO, 
and wheli thus de-carbonized, it is mixed with the right propor- 
tion of spiegel-eisen. Oxides. Two basic oxides, besides an in- 
termediate one. I. Ferrous oxide FeO. 2. Ferric oxide F62O3. 
I. Ferrous oxide FeO =72. Very unstable per ae. Its 
HYDROXIDE (0H)2Fe is white, unstable, passing by oxydatiou 
through lij^ht-green, bluish-green, black and red-brown, to 
ferric hydrate. 2. Fekrio oxide FegO, = 160. Red-brown. 
Bed hsematite and specular iron-ore are varieties. " Rouge " 
is ferric oxide. Its hydroxide 3(OH)22Fe203 is red-brown and 
bulky. Precipitated, and dried at 100° C, (OH2),Fe203. 
3. Ferrous-ferbic oxide FeOjFejO, is black; hydroxide also. 
Forms no specific salts. 8 and Fe. I^'errous sulphide 8Fe = 88. 
Beddish-brown. Either by direct imion of the elements or by 
heating FeSj with Fe. FeS is used in making SHj. Thus : 
2CIH -f- SFe = SH2 + CljFe. Ferrous salts are precipitated as 
black hydrated sulphide by S(H4N)H. Thus : CljFe + OHg 
+ P(H^N)H = SFe,0H2 + CIH -j- CIH4N. Ferric disulphide 
FeSj =120. "Iron-pyrites" or "Mundio," in cubes of brassy 
lustre or massive. Sp. gr. 4.98. Also as " mnrcasite " in right 
rhomboidal prisms. When roasted in air, gives SO2 and FojOg : 
chief source ot'SOj in making sulphuric acid (p. 15). Heated 
in absence ot" air, yields Sulphur: 3S.^Fe = S^Fcg 4- ^3. 
"Arsenical pyrites*' or mispickel SAsFe. Magnetic sulphide 
SgFey, is soluble in HCl (SgFe not).— Phosphide PFe2 hard and 
brittle : in " cold short iron." i. Soluble ferrous salts. Ferrous 
chloride CljFe white and volatile. In crystals Cl2Fe,40H2, 
green and very soluble Ferrous iodide l2Fe,40H8 in green 
crystals. I- -f- Fe = l2Fe. Nitrate (N02)202Fe,60E2 in pale- 
green rhomboids ; very unstable. Ferrous sulphate S04Fe,70H2. 
In rhomboids of sea-green color, soluble in 2 of water. " Green 
vitriol.*' Its solution absorbs O and deposits basic ferric 
sulphate SOg,2Fe203,30H2. Thus: 2oB04Fe -f 5O2 + 6OH2 
= 6(3804Fe2) -f 2 of basic salt. Becomes red-brown on ex- 
posure: hence coppersw or " Couperose.** It loses water, and 
by further heat : 2S04Fe = FejO, + SOj -f SO3. See p. i4, 
Nordhausen Sulphuric acid. A good reducing agent. See Gold. 
Ferrous bi-carbonate C0(02Fe),C02, in chalybeate waters: 
absorbs and deposits Ferric hydrate. 2. Insoluble ferroni 
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salts: Ferrous carbonate 00(02^0) = 1 16. White. '^ Spathic iron- 
ore/' Precipitated as greenish hydrated carbonate by soluble 
carbonates. Ferrous hydrogen ortho-phosphate POCOHXOjFe), 
white : becomes blue. Ferroiu ortho-silicate SiCO^Fe),, is 
'^ finery slag." Ferric salts. Soluble. Ferric chloride ClsFe, 
= 325, in brown scales. Cl8Fe2,60H, in red, deliquescent 
crystals. Reduced by SHj. CUFe, + CIH + SH, = 2(Cl«Fe) 
+ 3 CIH + S. Ferrio Iodide l^Fe^. Ferric sulphate (804)^62, 
yellowish-white, deliquescent. '• Coquimbite *' with 90Hj, 
silky-white mineral. Alums, in which Fafi^ takes the plaoe of 
AlgOjin the common alums. Isomurphous. Thus: (SOfXR^Fcj* 
24OH2. Ferric nitrate (K03),,Fe2, 1 2OH2. Insoluble finnric nits. 
Basic ferrio sulphate already mentioned. Ferrio phosphate 
POOjFe, 2OH2, is w liite, and insoluble in acetic add. ** Y i vianite '* 
P0(0HX0^e),2P0(03Fe),80H,. 

Ferric suoid FeOjCOH), is scarcely separable, so immiediately 
does it evolve O, and deposit ferric hydrate. Potassium ferrate 
FeOgCOK), is very soluble in water, to amethystine solutitm. 
Thus : (0H),Fe2 -h 3CI, + loKOH = 6C1K + 2Fe04K2 + eOH,. 
Iron is estimated as feruic oxtde FejO,, containing 70 per cent, 
of the metal. A ferrous, easily changed into a ^rric salt by 
NO2OH. Thus: eSO^Fe + 2N0,0H + 38O.H, = 2NO + 4OH, 
+ 3(SO0,Fe,. 

ZX. Manganesium Mn = 56. ' 

Discovered by Gahn in 1774. Never native. Dyad and 
tetrad ; also a pseudo-triad in manganic oxide MnjO,. Greyish - 
white, brittle metal. Sp. gr. 8.01. Oxydizes speedily in air; 
decomposes water slowly, and must be preserved under naphtha. 
Its alloy with iron, harder and more elastic than iron. Prep. 
by heating manganous carbonate to whiteness, with charcoal, 
in a bmith's forge. Oxides. Two basic, two indifferent and two 
acids. I. Kanganous oxide MnO = 71. A powerful base. 
Olive-green. Absorbs O when ignited and changes into brown 
MugO^. By heating COOgMn in a stream of H to keep oif the 
air ^ CO, -h MnO. Hydroxide (OH2)MnO is white, soluble in 
HgN, especially in presence of salts of H^N. Salts. Pink or rose- 
red. MnO is isomurphous with MgO, ZnO, FeO. • 2. MangaTiic 
oxide Mn^p, = 158. In acute, square-based octahedrH as 
^*Braunite.'' Also as ^*manganite" OUxiMnjO,, in brilliant, 
right-rhombic prisms. Very feeble base. Isomorphous with 
Fe^Og and Al^O,. Substitutes these bases in " alums." Gives 
a violet color to glass, and a red color to the amethyst. 
3. Hanganous-manganio oxide MugO^ = MnOfMn^Og. native in 
*' Hausmannite." Obtained by igniting MnO, COCO^Mn) or 
Mng04. Not basic. 4. Manganese dioxide or peroxide MnO, 
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= 87. The chief ore ; " pyrolusite," in steel-grey, rhombio 
prisms. " Varvicite *' Mn^Oa, zMnOjjOHg. " Wad " is a hydrate. 
Much used in the arts. Not basic. Ignited, gives 0. jMnO, 
= Mn304 + Oj. Also when heated with sulphuric acid : 2Mn02 
+ 2S04H2= 2802(02Mn} + aOHj + O^. With hydrogen chloride 
gives CI. 4CIH + MnOj = 2OH2 + MnCl, + Clj. Decomposed 
in presence of SO^Hg by oxalic acid OgOjCOH),, = 200, + lOH^ 
4- SOgOjMn. Gives its own weight of COj nearly. 5 . Manganio 
acid MnOjCOH),. Green, unstable. Isomorphous with S0a(0H)2, 
Fe02(OH)2,andCr02(OH)2. Manganates. MnO^K, is *' mineral 
chamsBlion.*' Condy's disinfectant is principally Mn04ll'a3. De- 
composed by water into permanganate, sodium hydroxide and 
manganese dioxide. A little free acid, thus : 4SO4H2 + 
5Mn04K2 = 4.OH3 + 38O4K2 -I- 2Mn208K2 + S04Mn. By sul- 
phurous acid: 2S0(0H)^ + Mn04K2 = SO4K, + S04Mn -H 2OH2. 
6. Permanganic anhydride, MngO^. Deep-green unstable liquid. 
Permanganio iaoid Mn20H(OH)2, a brown crystalline mass best 
known in its salts. Violet and amethystine. Potassfom 
PERMANGANATE Mn206(OK)2 = 3 16. 2. In needles. Prep. 
3Mn02(OK)2 + 2CO2 =Mn02 + 2CO(OK)2 + VLn^O^OK)^ Or : 
2Mn04K2 + CI2 = 2KCI + VLnfif^GK),, Sulphides. Manganons 
sulphide SMn, native as '^manganese blende." As hydrated 
sulphide SMn,OH^, when a manganous salt is precipitated by 
ammonium sulphide; flesh-color but oxydizing and browning 
on exposure. Manganous salts. Soluble in water. Chloride 
Gl2Mn,40H2, in tablets of pink hue, very deliquescent. May be 
purified from OlgFej in the residues of CI2 manufacture, by 
boiling with COCOgMn) or with SMuyOH, ; Mh takes the place 
of Fe in solution. Manganous sulphate BO^'SHr^-jO'E^ in prisms 
at 5^ 0. Otherwise with 5 OH,. Insoluble salts. Manganous 
oarbonate GO(OiMn), native as '' manganese spar *' of pink hue, 
isomorphous with C0(020a), C0(02Fe), &c. Precipitated as : 
2[C0(02Mn)],0H2. Phosphate P0(0H)02Mn, white powder. 
Borate BsOjCOgMn), white. Manganic salts. Manganic 
CHLORiDB CleMuj; dark-browu. By heat into 2Gl2Mn + 01,. 
Manganic sulphate (S04)8Mn2, with SO4K2, forms manganic 
ALUM (S04)4MnK„240H2. 

XXI. Cobaltum Co = 68.8. 

Never native. Dyad in its chief oxide. Trivalent in its 
cobaltic salts which are very unstable. Discovered by Brandt 
in 1733. Beddish-white, brittle metal fusible in wind-furnace. 
Sp. gr. 8.95. Very tenacious. Magnetic. Slowly dissolved 
by OIH and dilute 804H2,20H2. Beadily by NO2OH. Prep, 
from oxalate by white heat. Arsenide ASgCo* is *' tin-white 
oobalf or ** speiss-oobalt," the best ore. Arsenio-sulphide 
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8C0A1, is *' Cobalt glance," in cnbes, dodecahedn, and ociahedm. 
Qzidea : two Imne, and 0110 intermediate, i. Oobattons oxide 
CoO= 74* 8* Greenish-grej. Strong base. By roasting, it 
absorbs O and becomes Co^O^. Used as a pigment. Hydroxide 
CoOjOKgf is roae-colored, readUy solnble in anmumiom carbonate. 
Salts bine or pink. " Zaffie ** is an impnre oxide. ** Smalt " 
is a glass colored bine bj cobaltons silicate. The ore is roasted, 
so as to oxjdize the cobalt, bnt to leaye the associated Nickel, 
Iron and Copper combined with arsenicom and snlphnr, as 
arsenides and sulphides : it is then slowly fnsed with potassiom 
carbonate and silica. A glass of potassiom and cobcdt silicate 
results, called " Smalt** The so-called '* speiss " at the bottom 
of the crucible consists mainly of sulphides and arsenides of 
Ki, Fe and Co. 2. Cobaltic oxide Co^O, is black. Its hydzocdde 
(OH)cCkix also black. Prep, by passing Cl^ through cobaltons 
hydroxide suspended in solution of potassium hydroxide. 
3[CoO(OH2)] + CI, = CljCo + (OH)eCo,. By gentle heat into 
COjOf. Very feeble base. Cobaltons solpbide SGo is black. 
Hydrate OH^CoS also black, and precipitated thus from solu- 
tions of cobaltons salts by SHCH^N). Cobaltons salts; solnble. 
Chloride CljCOyCOH, in ruby-red octahedra. Nitbate (KO)202Co, 
6OH2, deliquescent, red mass. Insoluble salts. Cobaltons car- 
bonate 3[CO(02Co)],30H2. Always precipitated as basic 
carbonate. Cobaltons arsenate As,05(OCo)3,»0H2 is "cobalt 
bloom." Cobalt imparts a deep blue tint to borax fused on a loop 
of platinum wire. 

Co is estimated in the metallic form, and as, Co^O^, corre- 
sponding to 73 .34 per cent, of cobalt 

XXn. HiokelHi = 58.8. 

Never native. Dyad- Discovered by Cronstedt in 1751. 
Analogous to, and almost always associated with. Cobalt. Hard, 
lustrous, white, tenacious metal. 8p. gr. 8.8. Fused in wind- 
furnace. Magnetic, but loses its property at 350° C. Not 
easily attacked by acids, except by NOjOH. Prep, from kickel 
OXALATE CjOaCOjNi) in a wind-famace = 2C0j -|- Hi Nickel 
is now deposited by electrolysis upon articles of iron, steel, 
copper, brass, &c. The alloy of Greiman silver CusZugNi, im- 
portant Chief ores of nickel are : Hiokel arsenide ASgHi, or 
** Kupfer-niokel." Hiekel di-arsenide ASjHi: by heat in close 
vessels into As and AsjNi,. Nickel arsenio-sulphide AsHiS or 
nickel-glance. ** Speiss," obtained as a fused product in making 
^ smalt *' (see Cobalt) is mainly, fused Kupfer-nickel as far as 
Nickel is concerned. The separation, roughly, of the Co from the 
Ni, in the chlorides, is accomplished by CljOCa, which converts 
CoO into CojO, and precipitates it, and then of the Hi as (OH),Hi 



ESTIMATION OF NICKEL. XXIIL CHROMIUM AND OXIDES. 59 

by (OH)^a. The reduction of the oxide by carbon is sufficiently 
simple. The separation is also effected by converting Co into 
potassium cobalti-cyanide and precipitating nickel cyanide 
(CN)2Ni by CIH. One basic oxide. Kickel oxide NiO = 74.8. 
Olive-green. By igniting the carbonate out of contact of air. 
Hydroxide (0H)2Ni, bulky light-green. Forms insoluble com- 
pounds with HOK, HONa. (HO)jBa, (HO)28r. H,N dissolves 
it to a bl.ie solution. Salts are green. Nickel peroxide Ni^O, 
is black. Hydrate (0K%1XL. Not basic. Thus: 2(0H)jNi 
-f- CI, 4- 2HOK = 2KCI + (OH)eNi,. — Nickel snlphide 8Ni 
= 90.8, native as '* Millerite." As black hydrated sulphide 
(OH,)SNi, from solutions of nickel salts by SHH4N. Sab- 
sulphide SNij. Bisulphide S^^i. Soluble salts of nickel* 
Chlobide ClaNi.gOHj is green. Sulphate 804X1, 7OH2, green 
rhombic prisms, isomorphous with S04Mg,70Hj, 604Zn,70H2, 
S04Mn,70H2, and S04Fe,70H2. Soluble in 3 parts of water. 
Nitrate (N02)202Ni. Ixisoluble salts. Carbonate of nickel 
3[C0(02Ni)],20H2. Basic carbonate always precipitated. Nickel 
cyanide C2N2Ni, apple-green. 

The nickel salts impart a reddish-yellow color to the borax 
bead. 

Nickel is estimated as NiO, containing 78.67 per cent, of Ni. 

ZXni. Chromium Cr = 62.2. 

A pseudo-triad metal in its chromic salts. Never native. 
Discovered by Vauquelin in 1797. Steel-grey. More intract- 
able than Platinum. Sp. gr. 6.81. Insoluble, even in aqua 
regia. Prep. By strong ignition of CrjO, with Charcoal, in a 
wind-furnace. Or, by passing the vapor of sodium over red- 
hot chromium chloride : ClgCrj 4- 3Na2 = 6ClNa + Crj. Two 
basic oxides, and one intermediate, i. Chromous oxide CrO, 
only known as hydroxide (0H)2Cr. Brown, which absorbs O 
ana becomes hydrate of Chromous-chromio oxide GrO,Cr20.,aq. 
Powerful base : forms chromous salts of pale-blue color, which 
absorb O. 2. Chromic oxide, CrjO, = 152.4. Green, iso- 
morphous with AI2O3, MnjOj, FCjOg and substitutes AI2O, in 
alums. Coloring-matter of the emerald, chlorite, pyrope, ser- 
pentine, &c. Employed as a green color for porcelain and 
glass. As hydroxide (OH)rtCr2,4aq. of light-blue color. 
Salts green and uncry stall izable; violet and crystallizable. 
Prep. By heating amuonium chromate Cr04(NH4)2. Or, 
crystalline, by heating potassium dichromate. ** Chrome iron- 
ore" or FeTrous-ohro^lic oxide FeO,Cr203, is the chief ore of 
chromium, corresponding to magnetic oxide of. iron, CrjO, 
displacing Fefi^. In octahedra and massive. 3. Chromic 
anhydride CrOg, in brilliaht, dark-crimson, deliquescent prisms. 



60 CHROMIC ACID. CHROM^TES. XXIV. URANIUM. 

Fuses at 200° C, and looks black. By further heat into 2(CrOj, 
CrA) + 3O2, and then into CrgO, and 3O2. From Yfir + 
3OH2 = 6FH + CrOj. Chromic acid CrOgCOH)^ in solution. 
Chromates. — Alkaline chromates soluble in water. Potassium 
DiCHROMATE Cr02(OK)2,Cr03 in 4-sided tables of red colour. 
Potassium chbomate Ci02(OK)2 in yellow prisms, isomor- 
phous with S0j(0K)2. Lead chbomate CrOjCOjPb) forms 
"chrome-yellow.** Dibasic lead chbomate Ci 02(02Pb),PbO 
is almost scarlet. Silyeb chbomate CrO.XOAg), is dark-red. 
80 that the name, Chromium, from Xpw/na, color, is well- 
deserved. When chrome-iron-ore is calcined with mixed 
C0(0K)2 and NOjOK, the product when treated with water 
gives up potassium cbromate, the starting-point of all the pre- 
parations. 4. Ferchromio acid Cr207,OH2 or Cr20e(OH)2. 
Blue and unstable. Formed by addition of O2H2 to solution of 
CrOsCOH)^. Chromic STilphide S3Cr2, black, Bhiny scales. By 
82C over Ignited CrgO,. Chromic hydrate is precipitated by 
ammonium sulphide from solutions of chromic salts, soluble 
with green color in HOK. Chromium nitride CrgNf, chocolate- 
brown. By heating GlsCr, in dry H^N. Salts of chromic. 
Chbomic chlobide CleCr2, pale- violet scales. Volatile. Prep. 
^Ct^O^ 4- 60 + 6CI2 =6C0 + 2ClgCr2. [Chloro-chromie acid 
CrOsCljt a dark-red, fuming liquid, of sp. gr. 1.92. Boils at 
ri6°.8 0. By distilling ClNa with Cr02(OK)2,Cr08 and 
SOjCOH),. it is chromic anhydride in whicb GI2 substitutes 
O. Decomposed by 2OH2 into Cr02(OH)2 -f 2CIH. As 
neither Br nor I forms a similar compound, it is also a test for 
a chloride.] Chromic fluoride FflCr,. Blood-red liquid. Chromic 
sulphates. Insoluble, red : (S04)3Cr,. Soluble, green, uncrys- 
tallizuble (S04)3Cr2,50H2. Soluble, violet, crystallizable 
(S04),Cr2, 1 5 OBEj. Potassium-chbome- alum (S04)4KjCr2, 2 4OH,. 
Amethystine. Chbomic nitbate (N0s)eCr2. Green. Chromium 
oxide imparts deep-green color to fused borax. It is esti- 
mated as CtjO, which contains 68.63 per cent, of Chromiimi. 

[XXIV. Uranium V = 120. 

Never native. Discovered by EJaproth in '* Pitchblende," 
which consists mainly of uranous-uranic oxide, TJ0,U20,. It 
is dteel-grey, slightly malleable, and not oxydized at ordinary 
temperatures; but bums beautifully when strongly heated. 
Sp. gr. 18.4. Diamagnetic. Analogous in its chemical rela- 
tions with Fe and Mn. Prep, by heating uranous chloride 
with potassium : CljU + K, = 2CIK 4- U. Two basic and twq 
intermediate oxides, i. Uranous oxide XJO =136. Forma 
green salts with a tendency to oxydize. Uranous chloride, 
CI2U, green, deliquescent octahedra: volatile. Pr^, by 
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heatinj^ the oxide with charcoal in a stream of Chlorine. 
2. Di-uranoas-iiranio ozide 200,11.^03, by igniting uranic 
nitrate, or heating UO to redness in air. Black : used in 
painting china. 3. TTranons-nranio ozide UO^U^O,, by heating 
the di-uranou8-uranic oxide moderately in a current of air. 
No salts. Chief constituent of Pitchblende. Sp. gr. y.^r. 
4. Uranio oxide UjOa, as a brick-red powder, by heating UjO„ 
2OH, to 300^0. Behaves like a base and a radicle. Salts of 
yellow color. Imparts yellow color to glass. 2K03,U202,60H2 
in long, striated prisms of yellow color is the nitrate, perfectly 
soluble in ether. UO, or nranyl behaves like a metal. On 
addition of an alkali, nranate of the metal iV^O^.OK.piGRi is 
precipitated of yellow color. Uranyl chloride, Cl^UjO,, by 
passing Cl^ over uranous oxide. Sulphides. SH^ gives no 
precipitates. But ammonium sulphide gives a black precipitate 
with uranous, and a yellowish-brown with uranic salts. " Uran- 
ite" is Calcium di-nranyl phosphate 2 P04,2U302,Cu,80H2. 
" ChalcoUte," is 2PO<,2U20,Cu,80H,.] 

Metals more or less allied to Tin. 





Symbol. At. weight. 


Stannum. 


. 8n = 118.0 


Titanium 


. Ti = 60.0 


Zireonium 


. Zr = 89.6 


Thorinum 


. Th = 281.6 



ZXV. stannum or Tin 8n = 118. 

Tetrad metaf, not found native. Very white and lustrous ; 
malleable, but little ductile. Sp. gr. 7.292. Emits a peculiar 
crackling sound when bent. Melts at 228° C. Tarnishes 
slowly and quite superficially. Crystalline tin in **moiree 
m^tallique." When strongly heated in air, burns into Stannic 
ozide SnOj, its only ore. CIH dissolves it slowly as Stannous 
chloride ; boiled with sulphuric acid, into Stannic sulphate, and 
tin is changed into Uetastannio acid by NOjOH. Alloys. 
Britannia metal, of equal parts of Sn, Brass, Sb and Bi. Pewter^ 
of 4 parts of Sn, and i part of lead. Fine solder, 2 parts of Sn 
to I of Fb. Common solder of equal parts of Sn and Pb. 
Coarse solder of 2 of Pb to i of Sn. Amalgams.— see Hg, p. 74. 
Two oxides, i. Stannous oxide SnO =134. Black, crystal- 
line needles. By boiling Hydroxide OH,,2SnO with HOK 
insufficient to re-dissolve it. Powerful base. Rapidly absorbs 
O, and becomes SnO,. Hydroxide is white, and very soluble 
in HOK. and HONa. 2. Stannic oxide SnO< = 150. White. 
Native as ** tin-stone." As alluvial deposit, known as " stream 
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tin ; " as constituent of granite and slate rocks, as *' mine tin. 
In Cornwall, Saxony, Bohemia, New Zealand and Malacca. 
Hetallnrgy. From Tin-stone SnQ, by charcoal or anthracite. 
Mine-tin contains SAsFe as well as S^FeCu and much SiOj. 
By careful roasting, much of the As. is volatilized as AsjO,, 
and S as SOj. Lime GaO, is added to form a slag with SiO,. 
Further submitted to liquation process, pure tin melts first, 
and may be removed : the impure or ** block tin " contains 
certain alloys in small quantities. Staimie acid SnO(OH)2 or 
HjSnOa, white, gelatinous precipitate, obtained by adding 
HjN to solution of Ol4Sn, or a quantity of chalk insufficient 
for its entire decomposition. Stannates. SnO(OE)2,30H2, 
SnO(ONa)2,30H2. So then stannic hydroxide behaves also 
like an acid. It is insoluble in H3N. Heated to 140° G. into 
meta-stannio add 5Sii02^20,40H, or H2Sn50i„4aq., which is 
however most .easily prepared by action of nitric acid upon the 
metal : it forms insoluble compounds with GIH. Meta-stannates 
are not crystallizable. Sulphides. StannouB lulphide SSn = 
150. Bluish-grey. Fusing Sn and S together. As brown 
hydrate by SH2 into solution of GljSn. Soluble as SjSn in 
S2(NH4)2. Stannic snlpliide SsSn =182. Known as *' Mosaic 
Gold," in bright yellow flakes. As yellow hydrate by SH^ 
into GlfSn in solution ; soluble in SHH4N. Stannous chloride 
Gl2Sn,2H20 in prisms. Soluble in OIH. By water into 2CIH 
and STANNOUS oxy-ohlobidb Gl2Sn,SnO,20H2. By boiling 
GljSn with ferric hydrate, ferrous chloride is obtained in solu- 
tion, and stannous stannate SnO.SnOj as a grey hydrate. 
2Gl2Sn -f FcgOa = 2Gl2Fe -f SnOjSnOj. Reduces mercuric 
chloride iuto mercurous chloride and mercury, a. 2Gl2Hg 
+ GlgSn = Gl^Sn + Gl^Hg^. b. CljHgj + Gl2Sn= Gl^Sn 4- Hg,. 
Stannic chloride Gl4Sn,sOH2, in rhomboids. By adding aqua 
regia to stannous chloride : practically GljSn + Glj = Cl4Sn. Also ; 
2Gl2Hg -h Sn = Cll4Sn + 2Hg. PurpU of CassitLs. See Gold, p. 75 • 
Stannous fluoride Fj^n, in shining prisms. Stannic fluoride F4Sn, 
only known in fluo-stannates. Thus: F4Sn,2FK,OH2 is iso- 
morphous with silico-fluoride, titano-fluoride, zircon-fluoride of 
potassium. Tin compounds easily reduced on charcoal in blow- 
pipe-flame. It is estimated as stannic oxide SnOg, which 
contains 78.66 per cent, of tin. 



[XXVI. Titanium Ti = 60. 

Tetrad element, never native. Discovered by Gregor in 1 79 1. 
Prismatic crystals and a dark-green powder. Sp. gr. $.3. 
Bums magnificently in oxygen. Prep, of Ti. Ol4Ti -f 2Na2 
= 4GiNa + Ti. Great affinity for nitrogen. Ti,N4 resembles 
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copper in color. CgNgTijSN^Tij in copper-colored cubes iu 
certiiin slags from blast-furnaces. Three oxides, i. Titanous 
oxide TiO, black powder, but little known. 2. Titanio anhy- 
dride, TiOj = 82. Constitutes the chief ore. **Rutile," **Brook- 
ite,*' and *' Anatase"' are TiOg. " Menaccauite/' and " Iserine,*' 
consist of ferrous titanate. Yellowish-white, and after ignition 
only dissolved by FH. Like SiOj, soluble and insoluble 
modifications. Solufion of titanic acid in CIH digested with 
Zn, gives a violet solution, which on addition of H3N in excess 
deposits: 3. Titanous Titanite, TiCTiOj, or TijOg. TiOa after 
fusion with SOaCOHXOK), soluble. TiSg in green scales. Titanic 
chloride GI4T1, fuming, volatile liquid, resembling SnGl4. 
Titanic fluoride F4Ti, colorless, fuming liquid, by water into 
oxy-fluoride and hydrogen flao-titanate 2FH,F4Ti. Titanium 
is estimated as TiOj.] 

[XXVn. Zirconinm Zr = 89.5. 

Tetrad metal, never native. Resembling Si and Ti. A black 
amorphous powder, assuming some polish under the burnisher. 
Bums brilliantly when heated into Zircon-oxide ZrO, = 12 1.5. 
Crystalline Zr resembles antimony in appearance, and only 
bums in oxyhydrogen. Dissolved with ease by FH, evolving II, 
and forming hydrogen fluo-zircoxiide 2'FRtF^ZT. Prep, of Zr : 
from POTASSIUM fltjo-zirconide 2FK,F4Zr + 2K2 = 6FK -f Zr. 
SjZr, brown. Zirconium oxide ZrOj = 121.5. White, infusible. 
After ignition insoluble in acids. OHjZrOj, gelatinous bulky- 
white, insoluble in caustic alkalies. When neutral solutions of 
its salts are boiled with one of potassium sulphate, a sparingly 
soluble Zirconium subsulphate separates. Si04Zr is found as 
'* Zircon" and " hyacinth." Cl4Zr, in needles, soluble in water 
and iu alcohol.] 



[XXYIII. Thorinnm Th = 231.5. 

Tetrad metal, never native. Discovered by Berzelius in 1828 
in " Thorite," a silicate. Grey powder acquiring lustre under 
the burnisher. Sp. fpr. 7 . 7 to 7 . 9. Dissolves easily in NOjOH ; 
slowly in CIH. Bums brilliantly when heated to ThOj. 
Prep, from Cl4Th by 2K2 = 4ClK-h Th. Thorinum chloride, 
Cl4Th in white, shining crystals. Prep. ThOj + 2C + 2Clj = 
Cl^Th H- 2CO. One oxide : Thobinum oxide ThOj* white 
and very heavy. Sp. gr. 9.402. Thorinum and potassium 
SULPHATE (S04)4E4Th,20H2 separates as a crystalline powder 
from mixed sulphates, and the hydroxide of thorinum is pre- 
cipitated by HOK, and then ignited.] 
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Symbol. 


At. weight. 


Sp.gr. 


Holybdennm . 


. Mo 


96 . 


. 8.62 


Wolfiraminm . 


. W 


= IM . 


. 17.60 



[XXIX. Molybdenum Mo = 96. 

Dyad, tetrad and psendp-triad, never native. White, brittle, 
very infasible metal. Sp. gr. 8.62. Name from fio\{>fi^atya 
" a piece of lead,** which its ore " Molybdenite *' resembles. By 
roasting in air, S^Mo or Molybdic STdphide, becomes Molybdic 
anhydiide MoO,, and this is reduced by charcoal in a smith's 
forge in a crucible lined with charcoal. Iliree oxides : two basie. 
Molybdons oxide MoO, black. By action of H^ (Zn and 2CIH, 
and CIH) upon a molybdate : reduced to MoGl, and precipitated 
as hydrcnide by HOE. When heated in air, bums to Molybdic 
oxide MoOj. Is deep-brown, and insoluble in acids. lU hydrox- 
ide dissolves readily to red solutions. From MoO, by reducing 
agents. By NOjOU into Molybdio anhydride MoO, = 144. 
White crystalline powder, slightly soluble in water. As ucid, not 
known in free state. Molybdate of lead MoO^Fb, native, in yel- 
low quadratic plates. MoOjCOU^N),, iu colorless, square prisms. 
Solution used to detect traces of ortho-phosphoric acid ; suspected 
liquid acidulated with NOjOH, and molybdate added. The 
liquid becomes yellow, and on boiling,, deposits yellow crystalline 
precipitate of phosphoric and molybdic acids, combined with 
H,N(3 per cent. P^O.). Snlphides. MoS,. MoS,. M0S4. Chlorides. 
M0GI2. MojCle. M0CI4. MoClfi. MojGlg heated in absence of 
air into yellow MoCl^ and brown M0CI4. M0CI5 by heating 
Mo in a stream of Chlorine, and this in a stream of H into 
Mo^Cl,. 

Molybdenum is estimated as S^Mo: contains 60 per cent, of 
Mo.] 

[XXX. Wolfram, or Tungsten W = 184. 

Tetrad and hezad metal, never native. Iron-grey metal of 
sp. gr. 1 7.6. Burns, when heated, into WO,. From WO, by 
charcoal in a smith*s forge. Oxides. Tnngstio dioxide WO,, 
not basic. As a brown powder by heating W(», with H,. 
Timgstic anhydride WO, = 232. Forms Tungstio aoid 
W0j(0H),,0H2 and Metatnngstio acid W,0„(OH),. WO, 
straw-) ellow powder. From »' Scheelite ** WO^Ca by NO^OH. 
The common mineral, "Wolfram,** is W04Mn,3W04Fe. So- 
dium TUNGSTATE is sometimes added to starch to render stiti'ened 
fabrics incombustible. Chlorides. WCI4 and WCl^ are volatile. 
Snlphides S.W, bluish-black needles. 8,W a powerful sulphur- 
acid. Sulpno-tnngstates. Thus: S4WK2. 

Tungsten is weighed as WO, :. contains 79.31 per ceni of W.] 
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STIBIUM. 8TIBINE. ANTIMONOUS CHLORIDE. 


Symbol. 




At! weight. 


Stibium . . 8b 


s: 


122.0 


Arsenioam . As 


zn 


76.0 




~~ 


210.0 


yaxiadiiim . V 


= 


61.3 


Niobium . . Nb 


= 


94.0 


Tantalum . Ta 


r^ 


182.0 


XXXL Stibium or Anl 


bimo 


my Sb = 122. 



A triad and pentad element. Brilliant, bluish-white metal : 
flaky, crystalline (in rbombohedra, isomorphous with As), tiiid 
so brittle that it may be pounded. Sp. gr. 6.7 to 6.8. Melts 
at 450° O. Burns brilliantly with formation of antimonous 
OXIDE SbjOg. By strong OIH, dissolves slowly as Cl,Sb. 
NOjOH into mbtantimonic acid SbOaH. Takes fine in CI; 
bums to CljSb. Chief ore " Grey antimony ore " SjSbj. Prep. 
of 8b. 2 SbjO, + jC = 3CO2 + iSbj. Alloys. •* Type-metal " 
consists of 2 parts of Pb, one piui; of Sn and i of Sb. " Britannia 
metal " sometimes of i part of Sb and 9 parts of Sn. Antimonide 
of Zinc SbjZn, may be used for making Stibine. AntimonouB 
hydride or Stibine HsSb =125. Colorless gas, burning with 
greenish flame to water, and antimonous oxide. With limited 
supply of air, bums into water, and Sb. Heated in a tube, into 
H, and a brilliant crust of Sb. The crust is easily soluble in 
(H4N)2S2, and separates on evaporation as S^Sbj. Passed into 
?NO.^OAg, into 3NO2OH + SbAgj. Prep, from any com- 
pound in presence of naacent H: CljSh -f jH^ = 3CIH + HsSb. 
SbjZn, 4- 601H =3Cl2Zn + iRJSb. Sb with Chlorine. Anti- 
monous CHLORIDE Cl8Sb= 228.5. Deliquescent mass, fuses 
at 72° C, and boils at 223° C. Decomposed by water into 

ANTIMONOUS OXY-CHLORIDE ClOSb. CljSb + OHj = 2CIH + 

ClOSb. Prep, of CljSb. a. S^B\ + 6C1H = 3SH2 -f 2ClsSb. 
6. S^^bj + 3Cl2Hg = 38Hg + 2Cl38b. " Butter of antimony.'* 
Antimonio CHLORIDE ClaSb = 299.5. Volatile, colorless liquid, 
solid below o°C. By OH, into 2 CIH + antimonic oxychloride 
CljOSb. By excess of water into CIH and orth-antimonic 
ACID SbO(OH),. Thus: Cl.Sb + 4OH2 = 5CIH + SbOCOH),. 
In the same manner by SH, into sulphantimonio chloride 
SCl,Sb. Prep of Cl^Sb. B>om CljSb + Cl^ = Cl^Sb. [Anti- 
monous BROMIDE Br,Sb. Fuses at 90^ C, and boils at 270° C. 
IjSb in red tables. By OHj = 2IH + lOSb. F.Sb.] Sb and 
Sulphur, a. Antimonous sulphide SjSba = 340. In granite 
or slate rocks. In 4-sided, transversely-striated prisms, as 
'* Stibnite." Blue or Bengal lights consist of NO2.OK 3 parts, 
S 2 parts and S3Sb3 i part. Wlien roasted in air, into a mixture 
of SaSbj with O^bj. In making antimony, after roasting, 
C0(ONa)2has to be added oa well oa charcoal for the reduction 

p 
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of SbjO,. Thus : S.Sbj + 3CO(ONa)2= 3SNa, + Sb,0,+ 3CO,. 
Then : 2SbjOj + 30= 3CO2 + 2Sb,, SsSb^, of a beautiful orange 
color, may be obtained by precipitation : 3 SHj -f- 2ClsSb = 6C1H 4- 
SsSbj. Thus, too, may SH, be manufactured. SaSbj is insoluble 
in ammonium carbonate : SjAb, is soluble. Sulph-antimoniteB. 
Mineral kermes is 2S,Sb2, Sb20g. Action of CO(OK)2 on 
SaSbj : 6[CO(OK)2l + 3OH, + 3S,Sb, = 6[C0(0HX0K)] + 
3SB^ + 283Sb2,8b203. Antimonous oxy-disulphide S20Sb2, 
is found as red antimony ore in oblique rhombic prisms. 
b, ANTiMONio suLPfflDE Bfih^ = 404. Oraugc-red. Forms 
SULPH'ANTIMONATES with positive sulpMdes. Prep, 2Gl5Sb, 
+ 5SH2 = SftSb^ + loClH. Also called « Sulphantimonic 
anhydride."^Sb and Oxygen, i. Antimqnovb oxide SbjO, 
= 292. " White antimony ore" in prisms. Grey- white powder, 
yellow on heating, soluble in CIH and in tabtabic acid 
C2H2(OH)2(COOH)2. Banc propertiei. Aa hydroxide by 
pouring ClsSb into a boiling solution of sodium carbonate. 
Very soluble in HOK: Burns when heated in air into anti- 
monous ANTiMONATE Sb20j, SbjOg = Sb204. [Metantimonous 
AOID SbO(OH), is prepared by pouring ClsSb into a cold solution 
of sodium carbonate : 2Cl8Sb + OH, + 3CO(ONa)2 = 6ClNa 
+ 3CO2 + 2SbO(OH). Metantimonites. By heat at ioo°: 
2 8bO(OH) = OH2 + SbjOj.] 2. Antimonio anhydrpe SbgO. 
= 324. Pale-yellow, tasteless, insoluble powder. Obtained 
by ozydizing Sb with NOgOH, washing and heating below 
redness. Loses oxygen at briorht red-heat, and changed into 
antimonoiiB antimonata SbsOgjSbjO,. Ajj^timonic acid BbOjH, 
can be obtained by fusing C0(0K)2 with SbgOg = CO2 -f 
2SbO,K, and decomposing by GIH. By heat (2) antimonic 
ACID 8bO,H into antimonic anhydride and water. Antimonic 
acid also called met-antimonic acid from its analogy to meta- 
phosphoric acid. Pyr-antimonic acid 8^08(011)4 = H48b,07, 
is Fre'my's met-antimonic acid. From 8b208(OK)2(OH), by 
2CIH = 2CIK + Sb^OaCOH)^. Di-potassium hydroqbn-pyean- 
timonate precipitates Na, salts as insoluble 8b20,(OH)2(ONa)2. 
Antimony compounds yield Sb in brittle globules when heated 
on charcoal in blowpipe-flame, white vapors clouding the 
charcoal. Beinsch's test applicable : solution acidulated with 
GIH end boiled, gives a metallic deposit oxydized and dissolved 
by MusOeCOE),, and precipitated in acidulated solution by SH^ 
as orange-coloured 8s8b2. 

Arsenionm As = T5 (see p. 29). 

XXXn. Biflmnthiim Bi = 210. 

A triad and pentad element, chiefly native in quartz : extracted 
by fusion. Crystalline, and of exceeding beauty. . Beddish- 
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white hue. Sp.gr. 9.79. Melts at 264^0. Most diamagnetic 
of all metals. Burns in CI to GlgBi, and when strongly heated, 
with bluish flame. Easily dissolved by NO^OH, somewhat 
diluted. Alloys. ** Fusible metal " consists of 8 parts of Bi, 
5 parts of Pb and ^ of tin : it melts at 98^ 0. Bismnthons chloride 
01^ = 316.5. Fusible, volatile, deliquescent. By water, into 
oxY-CHLORiDB ClOBi. Thus: ClaBi + OHj = 2C1H + ClOBi. 
*• Pearl-white ** is 2010Bi,OH2 : insoluble in tartaric acid. Prep, 
of Gl,Bi Also, by distilling Bi with mercuric chloride : Bi, + 
bCljUg = sCl^Hg, + iClsBi. [BiSMUTHOUs bromide Br,Bi. 
Iodide I,Bi.] (hddes: one basic, i. Bismuth oxide Bi^O,; 
velvet-black. Burns into Bi^O, when heated in the air. 2. Bis- 
mathoiLB oxide Bi^O, = 468. Yellow powder, fusible at a red- 
heat. By heating nitrat(B to redness. Hydroxide BiOjH or 
Bi20„OH2, insoluble in KOH and in HjN. Bismuthovs 
nitrate (NOJaOaBifSOH,, transparent prisms obtained by dis- 
solving Bi in NOjOH. Poured into water, mainly into NOjOH, 
and BASIC bismuth nitrate (K02)80,Bi,Bi203,30H2. Known as 
" magistery of bismuth." Sometimes a larger proportion of Bi. 
KOjOHjBlsO,. BiSMUTHOUs phosphate POOgBi, insoluble in 
dilute nitric and acetic adds, roc parts contain 23.28 parts of 
PjOj. 3. BiSMUTHic ANHYDRIDE BijO^. Bfowu powdcr, obtained 
by heating bismuthic acid BiOgOHto 132° 0. Bismuthic acid 
BiOjOH or HBiO, red powder. Obtained by passing CI through 
solution of HOK containing suspended Bi^O,. Thus : Bi^O, -f- 
2CI2 + 4KOH = 4CIK + OH, -f- 2HBi03. Bismuth and S. 
BISMUTHOUS SULPHIDE S^Bi, = 516. Native as " Bismuth-glance " 
in needles isomorphous with S, Sb,. Sp. gr. 6 . 4. Precipitated 
as S,Bi« of brown color by SH, in acid solutions, Insoluble in 
SHH4N. 

Bi is estimated as BijO,, containing 88 . 74 per cent, of metal. 
The metal easUy obtained as a brittle bead, on charcoal, in 
blowpipe-flame. 

[XXXm. Vanadium V =51.3. 

Pentad and triad metal, never native. Discovered in 1830 
by Sefstrom. The metal, as obtained by Bosooe by prolonged 
ignition of ClsV in H, gas, is crystalline and of sUvery lustre. 
It burns vividly in flame, forming V2O5. Insoluble in CIH. 
Bums in Gl gas to YGI4. Analogous to N, it forms five oxides. 
V,0, VjO,, VjO,, V2O4, Vfiy Vanadium dioxide V^O, is ob- 
tained by action of K^ upon the higher oxides. V^O, by 
igniting VjO, in a stream of H. V2O4 by oxydizing V^Oj^ 
or V2O,. Vanadio anhydride V2O5 = 182.6. Beddish-yellow 
color, soluble in 1000 parts of water to light-yellow solution. 
Vanadates. Meta-Pyro- and Ortho- vanadates. Easily prepared 

F 2 
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from AMMONIUM META-VANADATE VO2OH4N by heat. " Vanadi- 
nite '* 3(704)^3,01^ is isomorphous with " Pyromorphite " 
3(P04)2Pb8.PbClj. V and CL 01, V, in shining tables, of peach- 
blossom color. By CI4V, CI is evolved, and C1,V is ob- 
tained. djV from 2C1,V + H, through red-hot tube. V and N, 
VN. VNj. By heating VN to redness in a current of CI, OI4V 
is obtained.] 

[XZXIV. Kiobinm or Oolumbinm Vb = 94. 

Tetrad element, never native. Found by Hatchett in 180 1 
in Columbite. In its affinities, resembles Phosphorus. Niobio 
ANHTDBiDE NbjO^ Chlobide CljNb. Fluobedb FjNb. OxT- 

FLCOBIDB FgONb.J 

[XXXV. Tantalum Ta = 182. 

Pentad metal, not native. In ^Tantalite" and '*Tttro-tan- 
talite " by f^eberg. Tantalio anhydbidb Ta^Of. PoTASsn^M 

TANTALIO FLUOBIDE 2FK,F5Ta.] 





Symbol. At. weight. 


Rp.gr. 


Fnsing-point. 


Plumbum 


. Pb = 207.0 . 


11.380 . 


325°. C. 


Thallium 


. Tl = 203.6 . 


11.862 . 


294°. c. 


Cuprum 


. Cu = 63.4 . 


8.95 a . 


1091°. c. 


Gallium 
Indium 


, G = 68.0 . 
. In = 113.4 . 


5.900 . 
7.400 . 


30°.i C 
176°. C 



ZZXYI. Plumbum or lead Fb = 207. 

Dyad and tetrad metal, never native. Bluish, soft, malle- 
able, ductile, but little tenacious. Sp. gr. 11.38. Fuses at 
32s^C. Tarnishes slightly in damp air. Acted upon by 
soft water in presence of air and carbonic acid, crystals of 
C002Pb,(0H)jPb being precipitated. Chlorides and nitrites 
in water also attack lead. Presence of sulphates in water best 
defence against lead-poisoning by water. Acididaiedj no water 
fit to drink which darkens in the least degree on addition 
of SH,. Lead oxydizes when melted. Dilute SO4H2, and 
CIH scarcely act. NOjOH best solvent : 3Pb + 8N0,0H = 
3[(H0^,0-Pb] + 4OH, + 2NO. Alloys, see Stannum, p. 61. 
Oaddes : 4 Known. One basio. i. Suboxide Pb.^, black. 2. Lead 
oxide or plumbic oxide PbO = 223. Powerful basic oxide. 
Yellow color. *' Litharge '* is fused oxide, *' Massicot " unfused 
oxide. By the oxydation of lead in a current of air. Hydrate 
2PbO,OH2 is white, alkalii^e to test-paper, as slightly soluble, 
and soluble in HOK: good test for Sulphur. 3. Minium or 
BSD LBAD, a compound of 2FbO,FbO, is found native. Used as 
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a paint in " priming/' Prepared by carefully heating IsBvigated 
lead oxide in a reverberatory furnace at 5 20° C. Decomposed by 
NO2OH into lead nitrate and lead peroxide PbOj, 4. Plnmbip 
peroxide PbO, = 239. Native as "heavy lead ore,'* in iron- 
black, lustrous, 6-Bided prisms. Absorbs SO. and changed into 
SOjOjPb: tertforSOa. Prep, of PbO,. 2PbO,Pb02+4NO„OH 
= 2r(NOj)80jPb] + PbO, + 2OH2. Also : (C2H30)20,Pb + 
CO(ONa)- + Clj + 2OH, = 2ClNa + 2(CjHaO,OH) + OH^ + 
GO2 + PbO,. Lead sulphtde or plumMo sulphide SPb =239, 
black. Precipitated in acid solutions by SH,. As " galena " 
it is found both massive, as in cubes and dodecahedra, of leaden 
hue, very lustrous and very brittle. Chief ore of lead. Metal- 
lurgy. 8Pb is first roasted. One portion remains unchanged 
SPb. Another portion oxydizes into lead sulphate SOjOgPb, 
and yet another into SO, and lead oxide PbO. Now, when 
the fturtiace doors are shut^ the lead sulphate and the lead oxide 
react upon the unchanged lead sulphide, and give lead with 
sulphurous anhydride. Thus : SPb + 2PbO = SO, + 3Ph. 
Again: SO^Pb + SPb = 2SO2 + Pb^. Soluble salts of PbO. 
Plumbum chloride CljPb, brilliant needles soluble in 135 parts 
of cold and 33 of boiling water. CIH precipitates soluble lead 
salts, when solution not too dilute. Nitrate (N02)202Pb, in 
white octahedra, soluble in 8 parts of cold wate.r. Heated to red- 
ness into: PbO + 2NO2 + O (p. 10). AcETAiE (C2H50)202Pb, 
3OH2 is the ** sugar of lead" of commerce. Right rhombic 
prisms, soluble in 2 of water. Basic acetate contains 2PbO,OH2. 
Insoluble lead-salts. Qzy-ohloride 2FbO,Cl2Fb, native as 
" Mendipite." Turner's Yellow 7PbO,Cl2Pb. Chlorosulphide 
3SPb,2Cl2Pb, is precipitated white by insufficient SH, from 
GlsPb. Bromide BisPb, white, sparingly soluble. Iodide IgPh, 
yellow, soluble in boiling water, separating on cooling in golden 
scales. Cyanide CjHsPb, white. Sulphate 804Pb = 303. White. 
Native as *' lead vitriol '* in colorless prisms and octahedra. 
Soluble in sulphuric acid: contained in ** oil of vitriol*' and 
precipitated white by water. Chromate 0104! b yellow. Native 
as ** Lehmanuite " in oblique prisms. Di-plumbio ohromate 
PbO,Cr04Pb is vermilion-colored. Sulphite SOOsPb, white. 
Carbonate COOsPb, native as ** Gerussite " in needles. '* White 
lead " (0H)2Pb,2C002Pb. Dissolves in NOjOH as lead-nitrate. 
Water must be added to ascertain whether residue of S04Ba. 
Silioate Si(02Pb)2. Flint-glass 6SiO,,K20,PbO. Silicate 
and borate 3(SiOOjPb),2B203,3PbO. Paste or StroM for imi- 
tating gems «Si02,K20,3PbO. 

Lead-salts are poisonous. Antidote is Glauber salt, or Epsom 
salt, which precipitates S04Pb. Lead is weighed as lead sul- 
phate S04Pb oontaiuing 68.31 per cent, of metal. 



70 XXXYH. THALLIUM. XXXYIIL COPPEB AKD ALLOTS. 

ZXXVn. Tkinini Tl = 90SA 

A nxmad metal, neyer oatiTe. IHsooTeied bj Grookes in 
1861, by the spectrosoope ; a single brilliant green Une nearly 
coincident with one of the inoonapieaons lines of the Barium 
qiectram. tfoAA^s, a bndding twig. Betweoi lead and silver 
in color, Tery heavy; of sp. gr. 11.862. Soft. and malleable. 
Crystalline. Melts at 394° G. Tanushes in air. Takes &[e 
at 3 1 s° C. in oxygen and burns with green light. Combines 
also directly with d, Br, I, S and P. As chloride, bnt little 
soluble. HCl little action. With SO4H, into H, and sulphate. 
Easily dissolved by NO,OH. Forms aUeji. Prop, of Tl, from 
salphiate by Zn, or electrolysis. Three oxides. T1«0. Thallium 
OXIDE TlfO, the only base. Is very soluble in water as thallitm 
BTDBOXiDE HOTl, obtainable in pcde-yellow prisms. Solution 
alkaline and absorbs CO^ Precipitates Mg, Mn, &c Peb- 
oxid e P Oy brown. * Thaixium sulphidb STl^ brownish-black, 
by 8HH4N. Salti. chloride GITL Little soluble in water, 
yellowish-white in color. G]^e2,6GlTl, red crystalliae. 2CITI, 
d^Pt. C1,TV C1,T1. a,Tl. Carbonate C0(0T1)^ in flattened 
prisms, soluble in 33 parts of water. Nitrate NO^OTl, in 
prisms. Sulphate SO^COTl),, 6-sided prisms. Forms an 
alum, isomorphons with E, Ka, Cs, Bb, L and Ag. (804)4T1,A1,, 
240Ef . Salts poisonous. 

XXXyni. Capmm or Copper Ca = 68.4. 

This metal is a dyad in its chief compounds, and is frequently 
found native. It has been long known, and derives its name 
from Cyprus. Found native in cubes, octahedra, dendritic 
crystals and massive. Lustrous, malleable, ductile and tena- 
cious. It is of a rich red colorr Next to silver, the best con- 
ductor of heat and electricity. Sp. gr. 8 . 95 2 . Melts at 1 09 1 ^ C. 
Corrodes but slowly in air and quite superficially; rapidly in 
sea-water. Heated to redness, black cupric oxide and red 
cuprous oxide formed. Dilute CIH and SO^H, sOH, scarcely 
any action. NOjOH attacks it immediately : bNOgOH + 3CU = 
3[(H0,),0,Cti] +40H,+ 2NO. Boiled with SO4H, : Cu+ 2SO4HJ 
= 2OH2 + SO, -i-SOfCu. Leaf copper takes fire in CI. Bums 
with green color in oxy-hydrogen : salts impart green color 
to flame. Alloys. Brass Cu^n. Muntz metal Cu,Zn,. 
Speculum metal Gu48n. Bell-metal Cn^-Sn. Bronze contains 
less tin. Copper and Hydrogen. Cufbous hydride HjCu,, by 
2CIH into cuprous chloride Cl,Cu,. Thus: HaCu, + 2CIH 
= 2H2 -h ClgCu,. Bemarkable illustration of the union of two 
atoms of the eame element to form a molecule. At 70^ C. into 
H, + Cu,. Two baaio oztdes and one peroxide, i. Cuprous 
oade CujO = 142.8. Native as "ruby copper ore." Ruby 
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color to glass. As yellow hydrate 4Cu20,OH2. Beducing 
cuprio salts, we obtain cuprous salts. Solutions colorless. 
2. Cuprio ozide CuO=79.4. Black: by heating the nitrate 
to redness. Only important oxide. Hydroxide (0H)2Cu or 
CuHgOj, light-blue. Precipitated by HOE from soluble cupric 
salts. Becomes black, when boiled, through loss of water. Forms 
salts blue or green. Is soluble in oils and fats, which may 
become poisonous. OuO gives a green color to glass. In 
presence of sugar, on boiling a cupric salt with potassium 
hydroxide, ouprooB ozide OajO is precipitated. — ^Tri-oupric 
nitride Gu^N, as dark-green powder. Sul^des. i. Cuprous 
SULPHIDE SGu, = 158.8. As " copper glance " in 6-sided prisms. 
It is the ** fine metal ** of copper-smelters. 2. Cuprio sul- 
phide SCu =95.4. A rare mineral " Indigo copper," in flexible 
blue plates. As a dark-brown hydrate from cuprio salts by SH, 
in acid solutions. ** Copper pyrites " SjCuFe, is the ehief ore of 
copper. Both massive, and in tetrahedra of brassy lustre. Metal- 
lurgy. I. Calcining. Fe chiefly oxydized : S volatilized as SO,. 
2. Melting for coarse metal. Fefi, slagged off by SiO, as 
SiCOgFe), : *^ matt " (euprous sulphide) SCu, with some SiFe, 
remaining. ^. Be-oalcining, AU Fe oxydized. 4. Melting for 
fine metal. Remaining FosO, slagged off: Cu,S remaining. 
5. Boasting SCu, and reduction, a, CugS -f 2O, = 20n0 + 
SO,. 6. 2CuO 4- Cu,S = SO, 4- 4Cu. Blistered copper. 6. Re- 
fining, Fused in a reverberatory furnace ; much Cu,0 formed, 
reduced by charcoal, and poling with trunk of a young tree. 
Salt! of copper. Cuprous chloride CljCu., white. By dissolv- 
ing Cu in CI2CU. Colorless solution; absorbs CO,. Cuprio 
salts: soluble. Chloride C1,Cu,20H2, green deliquescent 
needles. Soluble in alcohol. CuO + 2CIH = Cl.,Cu -|- OH,. 
Cupric sulphate 80,0,Cii,50H,, in blue, doubly-oblique rhombs. 
Also with 7OH,, isomorphous with S020.^Fe,70H,. Soluble in 
4 of water. Anhydrous at 200° C, and white. Abdorbs H,N, 
and forms S04Cu,5H,N. At a red-heat into CuO -f- SO, -i- O. 
Insoluble in alcohol. With H3N in solution, into S04,H,NCu, 
H^N, a beautifully blue salt. A test for Cu. Nitrate (NO,),0,Cu, 
6 OH, in blue rhomboidal prisms. Acetate (C2H,0)202Cu,OH, 
in green, oblique-rhombic prisms. Insoluble cuprio salts. Car- 
bonate OOO2CU ; not known. '< Chessylite *' (OH),Cu,2COO,Co, 
in oblique - rhombic prisms of blue color. " Malachite *' 
(0H),Cu,C003Cu, beautifully green. Common malachite is 
used as an ore. By roasting into CuO, and by fuel into Cu. 
Cuprio arsenite As(OH)0,Cu: *'Scheele^s Green." Cuprio hy- 
droxyl orth-arsenate AsO(OH)02Cu, pale blue. "Verdigris" CuO, 
(C2H30),0,Cuy60Hy Copper is precipitated by steel or iron 
with its peculiar bright-red color. It is weighed as CuO, 100 
parts of which contain 79 .85 parts of copper. 
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[XZXIZ. Gallium Oa = 68. 

Never native. A triad, intermediate between Alumintlm and 
Indium. Discovered in 1875 ^7 Lecoq de Boisbaudran in a 
zinc-blende. Hard white metal, malleable add ductile. Sp. 
gr. 5.9. Melts at 30°.! 0. Heated to redness, it only oxydizes 
upon the surface, and does not volatilize. Oallium oxide GajO, 
is soluble in HOE, and (htllinm is obtained by electrolysis of 
this solution. Grallium oxide substitutes Alumina in alum. 
Gallium hydroxide is white and soluble in excess. Galuum 
CHLOBiDE ClgGa is deliquescent. Gallktm srLFHiDE S^Gaj is 
white, and precipitated from its salts by SHH4N. 

Gallium gives a bright speotnun, exhibiting a brilliant line 
and a fainter band in the violet. * Watts' Chemistiy.'J 

[XL. Indium In = 118.4. 

Never native. A triad. Discovered in 1863 by Beich and 
Bichter in the zinc-blende of Freiberg. Silver-white metal, 
malleable and ductile. Bp. gr. 7.421. Melts at 176^ G. Less 
volatile than Cadmium. Heated to redness it bums with violet 
flame losOs* Chlobide Clsln, volatile. Sulphide Sjln, is 
yellow. Precipitated from neutral solutions by SHj. Indium 
OXIDE lUjOg yellow ; Hydroxide is white, soluble in HOK, in- 
soluble in H3N. Zn and Cd precipitate Indium. 

Two indigo-colored lines, in the speotmm: one very bright 
and more refrangible than the blue line of Sr, the other fainter 
and still more refrangible, and approaching the blue line of 
Potassium. * Watts.*] 
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XTJ. Argentnm or Silyer Ag = 108. 

Monad metal, frequently native, both crystallized and massive. 
The whitest and most lustrous of the metals. The best con- 
ductor of heat and electricity. Sp gr. 10.53. Melts at 916° C. 
A noble metal ; does not tarnish in pure air, and its oxide is 
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reduced by heat alone. When heated it absorbs mechanically 
22 times its bulk of oxygen, and '^spits'* on cooling. Great 
affinity for S. CIH does not dissolve it. NOjOH its great 
solvent : A^j + sNOjOH = OH, + NOOH + 2V0fiAg. Boiled 
with SOjCOH),: Ag, + zSOjCOH)^ = 2OH, + SO, + SOjCOAgV 
Alloys. AgsGu,. Our' silver coinage contains 7.5 per cent, of 
copper and has a sp. gr. of 10.30. Assaying by oupbllation. 
English coin requires 5$ times its weight of lead for cupellation : 
the base metal oxydizes and is absorbed by the- cupel (bone- 
earth). Oxides. Three oxides : one bade. i. Abgentoub oxide 
Ag40, very imstable. 2. Abqentio oxide AggO, = 232, brown. 
Powerful basa From the hydroxide HOAg at 60° 0. Prep, 
NOjOAg + HOK = l^OjOK + HOAg. Then : 2H0Ag = OH^ 
4- OAgj. Soluble in H,N. Slightly in water. At a low red- 
heat into 2Ag2 + O2. Salts. 3. Peroxide AggO,. Dark- 
grey needles, by electrolysis of NOgOAg. Solphides. Argentic 
sulphide SAg, = 24». Native as " silver glance '* in cubes and 
in octahedra. Also in " red silver ore " S8Sb2,(SAg2)3. Is preci- 
pitated from its soluble suits even in acid solutions by SH,. 
Hetallnrgy. Ore containing SAgj, SgFe, SjFeCu, is roasted with 
ClNa. 8Ag2 + 2ClNa 4- 20, = SO^Na^ + 2ClAg. SCu -h 2O2 
= SO4CU. 2SCu •\- 4ClNa + 4O2 = 2S04Na2 + CI, + 2CljOu2. 
2SjFe -f 601Na + 7O2 = 3S04Na2 + ClflFej + SOj. The mass, 
pounded, is mixed with water in a revolving cask, then scrap 
iron added, and after sufficient time to convert GleFe, + Fe into 
SClgFe; CljCuj + Fe into CljFe + Ouj; SO^Cu + into S04Fe 
-f Cu, and lastly 2GliLg+Fe into OljFe + Ag, ; Mereury is added, 
and the amalgam formed with the reduced Ag and Cu, washed, 
strained and heated. Ag with Gu remains. Salts of silver: 
soluble in water. Argentic nitrate NOjOAg = 1 70. Square, 
colorless, anhydrous tables. Melts at 219° 0. Cast Into sticks ; 
'• lunar caustic." Very soluble in water. Also soluble in boiling 
alcohol. If made from copper containing silver, (N02)202Cu is 
first decomposed by heat, and OGu can be removed by ffltration. 
Keduced by heat. Argentic sulphate SO^Agj = 312. Small 
rhombic prisms, soluble in 90 of cold water. Absorbs 4H3N. 
Silver alum (S04)4Ag2Al2,240Hj. Acetate CjHgOCOAg), 
thin silken needles. Fluoride FAg, very soluble. Potassium- 
argentic CYANIDE 2(CNK,CN Ag),0H2 in rhombic prisms. Used 
in electro-plating. Soluble siiyer ndts are irritant poisoxiB: 
antidote ClNa. £uK>lable silver salts. Argentic chloride ClAg 
= 143-5. Native as **horn silver" in cubes. Melts at 260° 0. 
Easily reduced by Zn and Fe. Also by H, at a moderate heat. 
KB. Solutions of Cu and Ag can have Ag removed as insoluble 
ClAg, and the latter decomposed by Zn. 2 ClAg + Zn = CljZn 
-i-Agj. When ClAg is fused with sodium carbonate: 4CLAg 
+ 2CO(ONa)2 = 4ClNa + 200, + O, + 2 Ag,. ClAg absorbs HjN 



74 SILVEB CYANIDE. XLII. HYDttABGYBUH AND OXIDES. 

largely, and gives it up oa application of heat. It is also very 
soluble in liquor ammonias. Argentnm bromide BrAg, yellowish ; 
soluble in much liquor amraonifld. Iodide lAg, yellow : insoluble 
in H,N. All three insoluble in NO^OH. Native as "iodite." 
Cyanide CNAg, white. Soluble in H,N and in strong NOjOH. 
Tiuofliulphate 820(0Ag)2 wliite, decomposing into Ag, + S + 
SO^Hj with OHj. Orthophosphate POCOi^),, bright-yellow, 
soluble in HjN and in NOgOH. Pyrophosphate P.OaCOAgX, 
white. Metaphosphate POjOAg, white, soluble in HgN and in 
NOjOH. Arsenite A8(0Ag)„ yellow, soluble in H,N and NOjOH. 
Arsenate A80(0Ag)3, liver-brown, and soluble in H3N and 
NO2OH. Borate BO(OAg) white. Chromate OrO^Ag^ crimson. 
The metal Silver easily obtained in globules. Precipitated 
from its solutions as silver ohloride GlAg, 100 parts of which 
contain 75.26 of the metal. It is weighed as chloride. 

XLII. Hydrargyrom Hg = 200. 

A dyad metal, rarely native. The molecule of the vapor, 
equal two vols., contains only one atom like Zn, Od, &c. A noble 
metal, which does not tarnish, and whose oxides are reduced 
by heat alone. Its name from 08»p, water, and dpyvpov, silver, 
from its fluid state and lustre like silver. Fluid above 38^.8 0. 
Sp. gr. 13.59. Boils at 357° G. Forms amalgams with the 
metals. AgHg. CnEg. Zn^Hg. PbjHg. FeHg. SnrHg. Hydrogen 
chloride does not attack Hg. With SO4HJ. 2SO4H2 + Hg = 
SO^Hg + 2OH2 + SOj. With nitric acid : 3Hg + 8N0,0H = 
3[(N0j)0,Hg] + 4OH, + 2NO. Combines durectly with CI, Br, 
I and 8. Used for silvering mirrors, and for extracting Au and 
Ag. Heated to 300° C, slowly into HgO. Sulphides. Mes- 
cuaors sulphide SHg, black, and unstable. From salts by 
SH,. Mebgubic sulphide SHg = 232 = 3 vols. Native as 
Cinnabar in hexahedral prisms : the chief ore. Vermilion is 
artificial SHg. It is precipitated black by SH, from its salts, 
insoluble in KO.^OH. Metallnrgy. a. By washing and col- 
lecting the metal. SHg + O- = SO, + Hg. 6. SHg + Fe = 
SFe + Hg. e. 4SHg + 4CaO = 4Hg + SO^Ca + 3SCa. Ox- 
ides; 2 basic, i. Mebourous oxide OHg, = 416, black, 
unstable. From Clflg^ + 2HOK = 2CiK + OH, + OHg,. 
Decomposed by light into CL^H;^ + Hg, 3. Meboubio oxide 
OHg =216. Bed crystalline powder. ** Red oxide *' from which 
O first prepared. Prep, also by decomposing (N0,),05jHgj by 
heat. Ammonia upon mercuric oxide : mercuramine hydrate 
N2Hg4(OH)„40H2. Yellowiah-wiiite, and decomposed by light. 
Absorbs CO,. Unites with acids to form salts. Salts. Mer- 
onrons. Soluble in water. Mercurous nitrate (N02)202Hg2,20H2 
in efflorescent prisms. Acetate (C2H30)202Hg2, in silvery 
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Bcales, soluble in boiling water. IzLsolable in water. Merou- 
rous ehloride ClJELg^ = 471 = 4 volumes. "Calomel." In 
4-sided prisms, or as a yellowish-white powder. By Lime- 
water into "black-wash" HgjO. By HgN into ClH^Hg^N. 
Thus: 2H8N -f CLHgg = CIH4N + ClHjHggN; or ammonium 
chloride in which Hg2 substitutes H^. Prep, of calomel. By 
aubliming a mixture of 201Na + S04Hg« = CljHgg -f- S04Na2. 
Bromide Br^Hg,* Iodide IjHg, green. By light into laHg + 
Hg. Chromate Hg^OtSCrOfHgj. Soluble mercuric salts. Mer- 
curic CHLORIDE CIjHg =271. "Corrosive sublimate.** In 
needles soluble in 16 of cold and 3 of boiling water. Fuses at 
365° 0., and boils at 295° C. Violent acrid poison: antidote 
egg-albumen. Coagulates albumen, hence its use also in 
kyanizing timber. Forms double salts with CIK, ClNa, CIH4N. 
Prep, of corrosive sublimate. By subliming a mixture of 
2ClNa 4- S04Hg = S04Na, + Cl^Hg. " White precipitate *' is 
Chloro-amide of mercury CUEsHgK. Thus : sHgN + CljHg = 
CIH4N + ClHjHgN. Chloro-sulphide CLHg,2SHg, white and 
precipitated by SHo when ClgH^ in consiaerable excess. Both 
ohioro-amide and chloro-sulphide Df mercuric are insoluble in 
water. Bromide BrjHg, crystalline. Cyanide C2NjHg, rect- 
angular prisms, soluble in 8 of water. By heat into Hg, C^Nj, 
and paracyanogen. Mercuric oxy-cyanidb C^NjH&HgO, in 
needles. Mercuric nitrate 2[(N02)202Hg],OH2, Mercuric 
SULPHATE S04Hg, white crystalline powder. Insoluble salts, 
Chloro-amide. Chloro-sulphide. Mercuric oxy-cMorides, by the 
action of CO(OH)(OK) upon CljHg, or by boiling HgO with 
OLHg. 2HgO,Cl2Hg. 3HgO,Cl^. 4HgO,Cl2Hg. Mercuric 
iocude IjHg = 454. Scarlet, and readily soluble in excess of 
lEL Mercuric ammonium iodide IHg2N,OH2 is brown. It is 
occasioned by the use of Nessler's test (a solution of mercuric 
iodide in potassium iodide, to which potassium hydroxide has 
been added) to a liquid containing HgN. Basic mercuric sulphate 
804Hg,2HgO is yellow. "Mineral turpeth." Basic mercuric 
nitrate (N02)202Hg,2Hg0,0H2t yellow. Salts of mercury are 
readUy reduced to metallic state by Cu, or by heating the dry 
compounds with C0(0Na)2. Stannous chloride may be used 
(see CljSn). The metal is weighed as mercury. 

XLm. Anmm An = 196.6. 

This triad metal is always found native, both massive and 
crystallized in cubes, octahedra and tetrahedra. In California, 
Australia, Ural Mountains, &c. Bright yellow, lustrous metal, 
of sp. gr. 19.34- The most malleable of all metals; gold-leaf 
55^ of an inch in thickness. Inferior to Ag and Cu in con- 
ductivity. Melts at 1037° C. Untamishable in air. A noble 
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metal, as ite oxide becomes metallic by. heat alone. Only 
attacked by CI, Br, I. Aoj + 201, = 2CI8AU. Standard gold 
is alloyed with b.33 percent, of Cu: alloy harder and more 
fusible than pure gold. Ag separated by " quartation ' process, 
t.e. fusion with A g so as to reduce the gold to I, and employing 
NOgOH for solution of the Ag as NO^OAg : gold left as a 
brown powder. Two chlorides. Anroiu chloride ClAu =232.1. 
Pale yellow, sparingly eoluble powder, losing all its CI at 200° 0. 
Prepared from Cl,Au by heat at 175° C. Auric chloride 
CljAu =303.1. Red, deUquescent salt, by dissolving An in 
aqiia regia, and evaporation below 1 20° C. Solution orange, or 
yellow when dilute. By heat into CI, + ClAu, ahd then into 
CI and Au. Easily reduced by P„ Cu, Hg, Zn, Fe, &o. Also by 
SO^Fe. Thus : bSO^Fe + 2CI8AU = CleFe^ + 2[(S04),Fe J 
4- AUj. Also by oxalic acid CjOjCOH),. Thus : 2Cl,Au + 
3C202(OH)j = 6C1H + 6CO2 + 2Au. Also by antimonous 
CHLOBiDB Cl,Sb. Thus : 2ClaAu + iClaSb = 3Cl5Sb + Aii,. 
Also by SULPHUROUS acid S0(0H),. Thus : 2CI8AU + 3OH2 + 
3SO(OH)2 = 6Cm + 3S02(OH)2 + Au^. Used as a test for tin. 
•Purple of Cassius"AujSn,AU(,Sn2,40H2. Two oxides, i. Au- 
Boua oxiDB AiijO = 409. i. Green powder; with H,N "ful- 
minating gold." By HOK from aureus chloride. 2. Auric 
OXIDE AujO, = 441.2. Brown powder. Or, as yellow hydratb 
AUsOsSOHj, if precipitated by MgCOH^ from 2CI8AU, and 
excess of MgO removed by dilute NOjOH. At 245° 0. into 
Auj + O2. Properties of aq acid. Aurates. Aii0(0K),30H2. 
Sulphides. Auric silphidi SsAu,, deep yellow. By passing 
SHj through dUuteClgAu. Aurous-aukic sulphide SAuj^SsAu,. 
Black. Soluble in alkaline sulphides to sulphur salts. E.g, 
4SAuNa,2S3Na2. Gold is used for staining glass ruby-red, and 
as ** Burgos lustre " a double sulphide of Gold and Potassium, 
for gilding obina. It is weighed as Gold. 

XLIV. Platinum Ft = 197.1. 

A tetrad metal, always found native, and as an alloy with 
Palladium, Osmium, Iridium, Rhodium and Buthenium in the 
Ural Mountains, Brazil and Ceylon. Discovered by Wood in 
1 74 1 . White lustrous metal, very malleable and ductile. Sp. gr. 
21.5 ^. Melts at 1460^ C. A noble metal : its oxides, by heat, 
into Pt and O. Aqua regia dissolves it as Platinic chloride, and 
it is precipitated from its solutions quantitatively, by ammonium 
chloride as ammonium-platinic chloride 2(ClH4N),Cl4Pt. By 
heat into 2CIH4N + CI, + Pt. Thus is "spongy platinum" pre- 
pared. Another form of more finely divided platinum, "platinum 
black,'' is obtained by boiling a bolution of platinous chloride 
in strong HOK, and adding alcohol. In these conditiona it 
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condenses O in its pores: *' Doliereiner lamp/' Alloys. Lead 
and Bismuth to be avoided in vessels of platinum, or on platinum 
foil. Also phosphorus, or phosphates, with reducing agents. 
Chlorides, i. Platinous chloride Cl^Pt = 268. Of olive color, 
insoluble in water. Grystullizable double salts with 2CIK, 2ClNa, 
&c. By heating Cl4Pt at 235° C. as long as 01, is expelled. 
2. Platinio chloride Cl^Pt = ?39. Red-brown, deliquescent 
prisma. Unites with, iClE^Cl^Pt, GOH,. Also with, 2Clk,01«Pt : 
2ClH4K,Cl4Pt. Also with, 2OICS, aOlRb, 2OIL. All of these 
salts sufficiently insoluble to enable us to determine the respec- 
tive metals.— [Basic ammoniacal derivatives from the chlorides. 
Platosamine PtH.NjjOH,. Diplatosamine PtH,oN4,20H2. 
Platinaminb PtH2Nj,40H2. Diplatinamine hydrochloride 
PtH8N'4 201H (base not isolated), &c.] Oxides, i. PhATiNors 
OXIDE PtO = 2r}. Black Jiydrate. From Ol^Pt by 2HOK. 
2. Platinic-oxidb PtO, = 229. As brown hydrate 20H,,PtO,. 
Soluble in HOK. Salts well characterized. Sulphides, r. Pla- 
TiNOTJS SULPHIDE SPt : black. 2. Platinio sulphide S^Tt, 
Brown-black. Somewhat soluble in alkaline sulpliides. 

Platinum may be weighed, either as Pt, eras 2ClH4N,Cl4Pt 
which contains 44.1 7 per cent, of the metal. 

[XLV. Palladium Pd = 106.6. 

A dyad metal, discovered by Wollaston in 1H03 . Occasionally 
native in cubes and hexagonid platt-s. Usually forms ^ to r 
per cent, of the Platinum ores. Pd may be separated from all 
metaU except Pb and Cu, by CjNjHg. Ignited, leaves Palla- 
dium. From palladium ores, after conversion into clilorides, 
and the removal of Platinic chloride by 2CIH4N, meroukio 
CYANIDE C2N,Hg precipitates palladious cyanide CjNjPd. In 
a solution containing the nitrates of Pb, Cu, Fe, and Pd, ferric 
and plumbic are precipitated by H3K, and the ammoniacal 
solution containing ammonia compounds of Cu and Pd, is pre- 
cipitated by CIH ; palladamine hydrochloride Cl,HeN2Pd as 
a yellow, sparingly soluble salt is separated from which the metal 
is obtained by heat. White, hard and lustrous. Noble metal : 
its oxides into metal and oxygen by heat. Sp. gr. i i.K. Melts 
at 1360° C. Dissolved by N 0,011. Metallic palladium takes 
up 982 times its volume of Hydrogenium, forming an alloy, 
^rom its increase in bulk by the absorption of H, which the 
Palladium undergoes when placed as the nee:ative electrode in 
acidulated water, the density of the metal Hydrogenium is 
ascertained to be 0.733. Chlorides, i. Palladous chloride 
Cl,Pd = 1 77.5. By evaporation of solution of Pd in aqua regia. 
Brown hydrate. With H,K a series of basic compounds like 
those with Pt. Thus palladamine PdHgN,0. 2. Palladio 
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CHiiOBTDB Cl4Pd. Only in solation. 2ClK,Cll4Fd in raby-Ted 
crystals. Palladous iodide l^d, a black powder. Palla^ 
Dous CYANIDE CgKjPd ycUow. Forms soluble double cyanides. 
OzideB: 8. Pd^O. PdO. PdOj. Palladous oxide PdO = 122.5 ^ 
the chief oxide. Black powder. Also as hydrate by HOK from 
palladous salts. Sulphides : three. Pd^S. PdS. PdS,. Palla- 
dous SULPHIDE SPd. Precipitating OljPd by SH,. 
Palladium, precipitated as cyanide, is weighed as PaUadium.] 

[XLYI. Shodium Bo = i04.8. 

' A triad metal found as an alloy of Platinum, constituting 
about i per cent. Discovered by WoUaston iu 1803. Obtained 
from BGUfafClaBOyqOH,, by solution in water, and precipitation 
by bars of zinc. White malleable metal, of.sp. gr. 12.1. Salts 
rose-red from ^6dov. Bhodium chloride ClgB. By igniting B 
in Gl. Oxides : 4 oxides. One base. Bhodio oxide B2O3 = 256.6. 
Greenish-grey hydrate. Sulphides : two. BoS. BogS,.] 

[XLVn. Butheninm Bu = 104.2. 

A triad, never native but in an alloy of Os, Ir, Bu, and B. 
Discovered by Glaus in 1845. Hard, brittle, most infusible 
metal. Sp. gr. 11.4. Oxydized when heated, or by fusion 
with NO2OK. Three ohlorides. BuCLj. BuGl,. BnCl^. Sulphides. 
SBu. SjBuj. S,Bu. Oxides. BuO. BUaOg. BuOg. BuO,. BuO^.] 

[ZLVIII. Osmium Os = 199. 

Discovered by Tennant in 1 80 3 in Osmium-Iridium-Buthenium . 
Bluish- white metal of sp. gr. 21.4. Very infusible. Burns to 
Osmium tetroxide OSO4. Prom OsO^ + 8Hg + 8G1H = 4OH, 
-h 4Gl2Hg2 -h Os. From the pungent, irritating odor of OSO4, 
it has its name from 6<rfi^^ smell. Four chlorides. CI2O8. 01,08. 
CI4O8. C1«0b. Tetbachlobidb GI4OS. Bed, crystalline, fusible 
deliquescent sublimate. Five oxides. OsO. O&fl^. OsO,. OsO,. 
O8O4. Osmium tetroxide OSO4 =263. Golorless needles, 
very soluble in water. Vapor irritating and poisonous. SHj 
in UOl, precipitutes black hydrated sulphide, S4OS.] 

[XLIX. Iriditm Ir = 198. 

Sometimes native. Discovered by Tennant in 1803. Usually 
as an alloy with Os. White brittle metal of sp. gr. 21.15. 
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From 2ClB^Cl4lr, heated in a stream of H, ; CIK removed by 
washing. Three chlorides. Cl^Ir. Cljlr. Cl4lr. Three oxides. 
IrO. IrjO,. IrOj. Three sulphides. Sir. BJx^, 8^. From tiie 
changes of color, owing to the rapidity with which the oxides 
pass into one another, the name Iridium was given, from Iris."] 

END OF INORGANIC CHEMISTRY. 



OBGAKIC CHEMI8TSY. 



Organic Chemistry is the Chemistry of Carbon compounds. 
Carbon being the most characteristic constituent of aU vegetable 
and animal matters. Thus, when nny organized structure is 
lieated out of contact with air, it blackens, owing to the presence 
of unbumt carbon. Most carbon compounds contain only a few 
elements. They consist either of Carbon and Hydrogen ; Carbon 
and Oxygen ; Carbon, Hydrogen and Oxygen ; Carbon and Ni- 
trogen; Carbon and Snlphnr ; Carbon, Hitrogen, and Hydrogen ; 
Carbon, Hydrogen, Oxygen and Hitrogen, sometimes even of 
C, H, H and with Snlphnr and Fhosphoms. 

Many organic compounds are made by synthesis, in the same 
way as are inorganic. 

We have already learnt that the atoms of different bodies 
differ in tJlieir qnantivalence (p. 2). As Hydrogen forms the 
most simple compounds, it is best adapted for ascertaining the 
quantivalence of other elements, of which those forming volatile 
hydrides can be divided into four jgroups : 



H) H) H) H) '^l '^ 



Si. 



Thus we find H, CI, Br, I and F are monads ; 0, 8, 8e and To, 
X»YADS ; H, P, As and Sb, triads ; C and Si, tetrads. 

The smallest particle of such compounds consists of a coalition 
of atomv, called a molecule. As the densities of all gases and 
vapors are equal to half their molecular weights, equal volumes 
of different gases always contain the same number of molecules ; 
BO that any molecule, in the gaseous or vaporous condition, 
occupies the same space as two parts by weight of hydrogen. 

Carbon is a tetrad element; its most simple compound is 
methane CH4. By substitution of other monads, we obtain 
CRfil; GHjCn,; CHCl,; CCI4. By replacing the monads by 
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dyads, we obtain CO, ; CS, ; with triads, GNH. When two atoms 
of carbon unite with each other, two out of the eight unite of 
combiniug capacity saturate each other, so that the result is a 
hezad group; when three atoms of carbon are thus linked 
together, we obtain an ootad group. 

^ ^^^« H 

CH4 H 1 

H I H— 0— H 

I H— C—H I 

H— C— H I H— C— H 

1 H— 0— H I 

H I H— C— H 

H 



H 

Of course CI, Br, I, &c., may be substituted for one atom of 
HYDRoaEN, but and N can only substitute respectively two 
and three atoms of Hydrogen. The monad groups (OH) and 
(IIH2) can replace one atom of hydrogen. Thus : 

HjOH is METHANE H4 in which OH substitutes H. 
C2H5OH is ETHANE C2H0 in which OH substitutes H. 
G3H/OH is PROPANE GjHg in wiiich OH substitutes H. 

So we have a number of compounds in a series, each of which 
differs from the next by CH, : homologous, analogy -of consti- 
tution, with a difference in composition of GH,, or a multiple 
of CHj. 

Wlien the different members of a homologous series are sub* 
mitted to similar ciiemical reagents, they furnish derivative 
series in which the homology is still preserved ; such collateral 
series are called heterologous, e.g. : 

CH4 OH OH CHO.OH CH,0. 
O2H, OjH.OH C^H.O.OH C2H4O. 
CjEg C,H,OH CjHjO.OH 0,H,0. 

When the successive terms of a series differ only by H, we have 
an isologons serits. Thus : 

ETHANE CjHj ETHENE CjH^ ETHINE CjHj 

PROPANE CjHg PROPENE CgHg PROPINE C8H4 PROPONE CjH, 

Each vertical column forms' a homologous, and each horizontal 
line an isologois seric s. 

All hydrocarlions contain an even number of atoms of hy<lro- 
gen, as a consequence of the tetrad character of the element 
carbon. Further, it follows that the sum of the atoms of monad 



PRINCIPLES OF OBQAXIO ANALYSIS. 81 

and triad elements, contained in the moleeule of a carbon com- 
pound, must also always be an even number. 

Carbon compounds having the same percentage composition, 
but diiferiug in their physical and chemical properties, are 
called iflomerio. All true isomeric compounds contain the same 
number of carbon atoms linked together. Folymerio bodies 
are such as have the same percentage composition but different 
molecular weights. Ethene C2H4, fbopene C3H9, and butene 
C4H, are polymeric. Metamerio bodies have the same per- 
centage composition and the same molecular weights, e»g, : 



N 



C,H, (CH, (CH, 

H N 0»H. N OH, 

H H OH3 



Here we have CgH^N, constitutiug three metamerio bodies in 
which different radicles are linked together by the same poly- 
genic element. 

Most carbon compounds are liquid or solid. The more volatile 
a substance, the more simple is its constitution. In homologous 
series the boiling-point must rise by each added CH, : in some 
cases it does so with great regularity. In the normnl alcohols 
there is a regular difference of 19° C. between each« Thus ethyl 

ALCX)HOL C2H5OH, boils at 78^.4; PROPYL ALCOHOL GsH^OH, at 
97°; BUTYL ALCOHOL C4H0OH, at Il6°C. 

When the difference in the boiling-points of two bodies is con- 
siderable, it is possible, when mixed together, to separate them 
by fractional distillation : the more volatile body distils at a 
nearly constant temperature. 

The determination of the composition of carbon compounds 
is by organic analyna. A known weight of the body to be 
analyzed is burnt in contact with an easily reducible metallic 
oxide, generally onpric oxide. The Carbon is burnt into car- 
bonic anhydride CO,, and the Hydrogen into water OH,. The 
resulting compounds are collected and weighed. Nitrogen 
is determined by heating with soda-lime and collecting the 
Ammonia BJX in OIH, and weighing as ammonium platinio 
CHix>BU)E 2Cli[4N,Cl4Pt. If the Nitrogen cannot be completely 
converted into H,N, it must be separated in the free state, and 
coUettted over mercury. Oxygen is estimated by the loos. Com- 
pounds containing Chlorine, Bromine and Iodine are heated in a 
narrow combustion-tube with pure calcium oxide. Snlphnr and 
PhoflphoniB are determined by heating the carbon compound 
with Sodium carbonate and Potassium nitrate, or even by 
OXYDATION with NiTRic ACID in sealed tubes. In both cases, 
the snlphnxic and phosphoric acids are estimated by common 
analytical methods. In a similar manner are bodies treated 
which contain Arsenicum, Boxon, Silicon, &c. In metallic salts 

G 
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of organic componnds, Ignition occasions either the separation of 
metal, of oxide, or of carbonate. The empirical formula of a 
compound is easily obtained hj dividiog the percentage compo- 
sition by the respective atomic weights. Thus with carbonyl 
CO. It consists of : • 

Carbon 42.858 

Oxygen 57" 142 

100.000 

Now 42.858 -i- 12 = 3.571. and 57.142 -5- 16 = 3.571. It is 
therefore obvious that the simplest formula for carbonyl is CfO, 
composed of one atom respectively of Carbon and of Oxygen. 

For determining the vapor-density, we ascertain either the 
weight of a given volume of vapor (Dumas* process), or the 
volume of a given weight of vapor (Gay-Lussac's). 

I. Mono-oarbon or Methane group. 

Methane CH4 = 16. Found as fire-damp and marsh-gas. 
Colorless, inodorous gas, little soluble, inflammable with scarcely 
luminous flame. Sp. gr. 8. A mixture of CH^ 4- 2CI2 explodes 
in sunlight to 4CIH + 0. By diffused light into CHjCI, CHjCl^, 
CHCI3 and CCI4. Prep, p. 11. Also by nascent Hg upon tri- 
ehlormethane or chloroform. CHClg + 3H2 = 3CIH -h CH^. 
Again by 20H2upon zinc methide Zn(CH8)2 = zinc hydroxide 
Zn(0H)2 + CH4. Methane is the first of the paraffins CJi^n+i »' 
it is a saturated hydrocarbon which cannot unite directly with 
CI, Br, I and other monads. It may however take up any 
number of dyad elements or radicles, because such a ludicle 
introduced into any group of atoms neutralizes one unit of 
equivalency, and adds anotiier. Thus methane is the first of an 
homologonfl series of paraffins. CH4CH2 = CgHg, or one atom of 
H displaced by CHj. E.g. CH4 ; C^H^, p. y i ; CjHg, p. 100 ; C^H^qj 
p. 104; C5H12, p. 106; CeHi4, p. 108, &c. Methane may be de- 
prived of a molecule of H,) ^^^ S^^^ ^^^e to a dyad radicle, the 
first of an liomologous series CH^; C2H4 ; CgHe ; G4Hg. a. Chloro- 
methane or methyl chloride C&fil, Colorless gas, of sweetish 
taste, but little soluble in water. Bums with pale flame. Prep. 
I. From methane, by CI2 in diffused daylight. Also by dis- 
tilling methyl alcohol with sodium chloride and sulphuric acid. 
CH3OH + ClNa+S02(OH)2=S02(OH)(ONa) + OH2 -f CH,C1. 
Successively by chlorine into methene chloride CH2CI2 ; me- 
THENYL chloride CHCIj and carbonic chloBide CCI4. Methyl 
bromide CHaBr. CoIoiIjss liquid, boiling at 13° C. Methyl 
iodide CH,I. BoUs At 43° C. Practically : CH3OH -f- IH = 
OHj -i:OH,I. [&. Methene ohloxide CHgCl,. Methene bromide 
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CHsBr,. Methene iodide OH2I2. By IH upon methenyl iodide] 
e. Chloroform is trichlob-methane or methenyl chloride CHCI3. 
Colorless, mobile fluid of sp. gr. 1.5 25 at 0° C. Boils at 6 3° . 5 C. 
Of pleasant smell, and sweet taste. Little soluble in water ; very, 
in aloohol and ether. By digestion with alcoholic potassium 
hydroxide, into lOH, + 3CIK + potassium formate OHO(OK). 
By ammonia, in presence of KOH into 4OH2 + 3 OIK + ONK. 
Solvent of I, Br, P, alkaloids, resins, &c. Great anresthetic. 
Does not redden litmus or precipitate l^OgCOAg.) Sp. gr. i . 49 
at 17° C. [Heated with NOjOH at 100° 0. for some time, into 
methane-nitro-chloride or ohloropicrin CNOjOlj, a colorless 
liquid, exciting to tears.] Prejp, By alkalies upon chloral 
CCI3COH. Thus : CCljCOH + KOH = potassium formate 
OHO(OK) 4- CHGI3. Also by boiling tri-ohloracetio acid CClj, 
COOH with 2HOK = OHj + COCOK)^ + CHCI3. Also by Cl^ in 
presence of hydroxides upon methyl or ethyl alcohol : practically 
by distilling alcohol, water and chloride of lime. Probably fir^t 
CHLORAL CCljCOH, and 5CIH, and then the chloral by Ca(0H)2 
= CALCIUM formate and chloroform CHGI3. Methenyl bromide 
CHBrj. Colorless liquid, odorous, like chloroform, of sp. gr. 2 .9. ; 
boils at 15 2° G. Methenyl iodide GHI3, in yellow tables, with 
odor of saf&on. Milder than iodine, d. Carbon chloride CCII4, 
is a colorless, ethereal fluid which boils at 78° 0. Prepared from 
OHCI3 by CLj = CIH + CCI4. When digested with 6K0H = 
4CIK + 3OH2 + C0(0K)2. NB. By nascent H2 into CHCI3 or 
CH2CI2 or GH3GI or CH4. [Nitro-methane C(N0j)4. Tri-nitro- 
methane CH(N02)3 is nitro-form.][ 

By digesting the chloride, bromide or iodide of methyl, with 
potassium or sodium hydroxide, hydrozyl is substituted for 
the halogen, and we obtain the first of an homologous series, 
the Alcohols. The monatomic alcohols are derivatives of tiie 
paraffins formed by the substitution of one atom of OH for one 
atom of H. 



methane 


• . • G H4. 


METHYL CHLORIDE . 


G H3 Gl. 


ETHANE . 


. GgH^. 


ETHYL CHIiORIDE 


G2H5 Gl. 


PROPANE . 


, GgHg. 


PROPYL CHTX)RIDE . 


G3H, Gl. 


BUTANE . 


• • • ^A^XQ* 


BUTYL CHLORIDE. . 


G4H, Gl. 


PENTANE . 


, . . G5H12. 


PENTYL CHLORIDE . 


GgHjjGl. 




METHYL HYDROXIDE . . G Hg OH. 






ETHYL HYDROXIDi 


J . . CoH, OH. 






PROPYL HYDROXIDE . . G3H7 OH. 






BUTYL HYDROXIDE 


. . G4Hg OH. 






AMYL HYDROXIDE 


C5H11OH. 





Methyl hydroxide, or methyl alcohol CH3OH, or HCHjOH. 
Woodspiritj or pyroxylic spirit^ called Garbinol by Kolbe, the 

o 2 
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first tenn of homologous alcohols, in which monad radicles of 
the form GnH2«+, replace one atom of H. Where the monad 
group in an alcohol of the form C.Hjti+i occurs but once, we 
have Primary Aloohols; if the replacement occurs twice, we 
obtain a Secondary Aloohol ; but if three units of U in carbinol 
are replaced by three such groups, we have a Tertiary Aloohol. 

Cabbtnol GH,.0H or EGHj.OH. 

Fbtmart cabbinol. Secondaby cabbinol. 

CE^{GnH2n+i)0Jl, CH(C.H,.+0,.OH. 

TbBTIABY CABBINOIi. 

C(C,H2,+i.)aOH. 

Carbinol, or methyl alcohol, is then a colorless liquid, of 
penetrating odor, inflammable and volatile. Sp. gr. at o°C. 
0.8142. Boils at 65°. 5 0. Miflcible with water in all pro- 
portions, as also, with ethyl alcohol and ether. Solvent of resins. 
Alkalies dissolve and color it brown (Use's test). Bums with 
paler flame than alcohol. Two stages of oxydation. i. CHjOIi 

+ O = OH2 + PORMYL ALDEHYDE CHOH. 2. 0H.OH + O = 

FORMIC ACID GHO.OH. Prep, by destructive distillation of wood, 
neutralizing with Ca(0H)2, redistilling, rectifying over CaO. 
Uniting with calcium chlobide : Cl2Ca,2CH,0H, and decompos- 
ing the latter by water. Or trom methyl oxalate CjOjCOCHj), 
b^ distillation with sulphuric acid. Also by saponification of 
oil of Wintergreen, Gaidtheria procumhens with potassium 
hydroxide. Methyl salicylate C0H4OHGO.OCH, + EOH = 
C«H..OH.COOK + METHYL ALCOHOL CH,OH. Artificially bv 
Berthelot. 1. S^O + 2SH2 + aCu, = 48Cuj + CH4. Then 
CH4 + CI, = CIH + CH,C1. And CH,C1 + KOH = CIK -f 
methyl alcohol CH3OH. *^ Methylated spirit" is a mixture cf 
90 per cent, of ethyl alcohol with 10 per cent, of methyl alcohol. 
Methyl alcohol dissolves Ka, which displaces the H of OH, 
and gives a solid sodium methylate GHsOKa. Distilled with 
METHYL chlobide or CHLOBO-METHANE CH,C1, iuto mothyllo 
ether GHgO.CHs + ClNa. With sulphuric acid, methyl alcohol 
gives methyl-snlphuric acid SOjCOHXOCHj), in which the H of 
OH can be replaced by metals. IHmethyl-snlphnrio acid 
SOjCOCH,),. By distilling, we obtain methyl-ether CH3.O.CH,, 
a pleasant-smelling gas, fiuid at — 2 3^ C. K.B. In the formation 
of an ether two molecules of an alcoliol part with one molecule 
of water. Thus : 2CH30H = OH, + CHsOCH.. Methyl-alde- 
hyde HGOH. Colorless gas, obtained by oxydation of vapor 
of methyl alcohol over red-hot platinum. Reduces Agfi, and 
becomes oxydized to fobmic acid HCOOH. An aldehyde 
(alcohol dehydrogenatus) is derived from an alcohol, by elimina- 
tion of H, in immediate connection with hydroxyl or of the H, 
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wliich belongs to the group CH^OH. The aldehydes are inter- 
mediate between alcohols and adds. Thus : HCHgOH + = 
OH, + METHYL ALDEHYDE HOOH. A polymerio modification of 
this gaseous aldehyde exists in a solid state ; probably H3G3O3H3. 
Formio add HGO.OH. Colorless liquid, of very acid and 
piquant odor. Boils at 99° C. and is crystalline at 8°. 5 0. It is 
miscible with water in all proportions, Emd is an energetic mono- 
basic acid, the first of an homologous series — the fatty acids. 
It is contained in red ants, in the sting of nettles, wasps, 
and bees, &c. Prepared by Berthelot: CO + HOK = HOOOK. 
Most easily by heating at ico° C. equal parts of glycerin and 
oxalic acid : the latter (CO.OH), = COj + HCOOH. Heated 
with SOjjCOH)^ = OH, + CO. With Ag^O into Ag, + OH, + 
CO,. Formates. Ammonium formate HCO.OH4N, crystal- 
lizes in prisms : heated into : 2 OH, + hydrogen cyanide CNH. 
Copper formate (CHO),0,Cu,40H2, and lead formate 
(CH0)a02Pb, are most chsiracteristio. By distilling HCO.ONa-h 
HONa = CO(ONa), -|- H,. But, by distiUing alone : HCOONa 
+ HCOONa = COCONa), + HCOH. Methyl formate 
HCO.OCHj is a colorless liquid, which boils at 33 .°4 C Theo- 
retically, the anhydride of formio acid is obtained &om two mole- 
cules, by the loss of one molecule of water. Thus : HCOOH -h 
HCOOH = OH, + HC<M)-HCO. Formamide (HCO)H,N is a 
colorless liquid, boiling at 194°. 

Carbonio anhydride GO,. Hypothetical carbonic acid G0(0H),. 
In CHLORO-CARBONic ACID COCl,, CI, substitutt^s (O K), in car- 
bonio acid, or one atom of in CO,. Formed from CO 4- CI, in 
sunlight. Called phosgene. 

Carbonio snlphide SCS = CS, is the analogue of CO,. P. 12. 
A colorless liquid of sp. gr. 1.27. Boils at 46° C. CS, 4- SK, = 
CS(SK),. By nascent H, into methyl-sclphaldehydb HGSH : 
CS, -(- 2H, = S,H + HGSH. [Also GS(8H),. GSSHOH. GOSHOH.] 
Methyl-sclphydrate GH3.SH, is methyl mercaptan. Color- 
less, mal-odorous liquid, boiling at 2i°C. Prep, by action of 
HSK upon CH3C1= ClK-f-GHaSH. Methyl sulphide CHjSCH, 
is the analogue of methyl-ether. It boils at 41° C, and is pre- 
pared by using KSK with 2CH,C1. rCarbonio oxy-Bnlpldde 
COS colorless gas. Garbonyl sulpho-ohlbride GlGSGl, by CI, on 
CS,. Thus : SCS + 2GI, = ClSCl + CIGSCL] Hydrogen oyanide 
CNH may be regarded as methane in which nitrogen substitutes 
three atoms of hydrogen ; hence ctzomethatie. It may also be 
called anitrile, a oomponnd of nitrogen with a trivalent radiole 
methenyl. One common method of obtaining a nitrile is by 
de-hydrating the ammonium salt of the fatty acid by P2O5. 
Thus; HCOOH4N-2OH, = CH'"N or CNH. And the con- 
verse : CNH -\- 2OH, = HCOOH^N. Cyanogen C,N„ or di- 
cyanogen, as it is represented moleoularly, is a gas, colorless, of 
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pungent odor resembling pmssio acid. Sp. gr. 1.80. Water 
absorbs fonr to five vols. Under pressure of four atmospberes 
into a colorless liquid wbich boils at — 21° C, and solidifies at 
— 34^ CL Bums witb rose-colored flame. Passed into strong 
CIH, it cakes up two of OH, and becomes oxamide CtO^'S'H^')^* 
And, in water, Cyanogen by 4OH2 into ammonium oxalate 
(CO.OH^N)^. Passed into sol. of HOK into cyanide and 
cyanate: 2HOK + G2Nj = CIKK+CH0K+OHj. Prep. a. By 
heating mebcubtc cyanide = Hg + CjHj. A portion, into brown 
solid: FABACYANOOEN (CjN8)2, a polymeric modification of CjNj. 
6. By passing air over a red-hot mixture of potassium carbonate 
and charcoal : C0(0K)2 + 40 + Nj = 2CNK + 3CO. Cyanides. 
Cyanogen is a monad radicle. Unites with H. Hydrogen, 
cyanide ONH is commonly called prttssic acid. 1 78 2 by Scheele. 
Anhydrous acid is a colorless, volatile liquid, of sp. gr. 0.7058 
at 5° C, boiling at 26^.5 C. Feebly acid. Odor as of peach- 
blossoms. Very poisonous. When inhaled even in small 
quantities, produces headache, giddiness, &o. Antidotes : 
chlorine, water, ammonia, afifusion of cold water. Cannot b& 
preserved in the light ; depoats paracyanogen, evolves ammonia, 
and ammonium formate always in solution. Used as medicine. 
Prep. Anhydrous acid. CNHgCN + SH, = SHg + 2CNH. 
Of ordinary, a. From bitter almonds, by the action of moist 
synaptase upon amygdalin CgoHjyNOH.sOHj. 17 grains of 
amygdalin dissolved in i oz. of sweet almonds-emulsion would 
yield i grain of ONH. The ordinary acid of the Pharma- 
copoeia contains 2 per cent, of ONH. Now 100 grains of tar- 
taric acid dissolved in 2 oz. of water, to which 44 grains 
of CNK have been added, will, when decanted, yield an acid 
of desired strength. From CNK by dilute SOjCOH)^, 20Hj 
= SOgOH.OK + ONH + 20Hj. Also from potassium ferrocya- 
nide. Tests : volatility, formation of silver cyanide, of Prussian 
blue and of ferric sulphocyanide. Potassium cyanide CNK. 
In deliquescent, colorless cubes. Alkaline reaction, as in water 
into hydrocyanide of potash : emits ONH. Soluble in alcohol. 
Fuses at red-heat. K, burns when heated in CjN, into 2 CNK. 
Most easily by beating potassium ferrocyanide with CO(OK), 
and carbon = 3 CO + Fe + 6Cli'K. Potassium cyanide dissolves 
iron. In presence of air: 6CNK + Fe + OH^ + O = 2HOK 
+ CflN«FeK,. In absence of air : 6CNK + Fe + 20Hj= 2HOK 
+H2 + CeNeFeK^.— 18CNK + 3Cl2Fe + 2CleFe, = 18CIK + 
CigNi-Fcy. Ammonium cyanide CNH4N, in colorless cubes : 
volatile. Very poisonous. By subliming mixt CNK + CLH4N. 
Silver cyanide CNAg, Vhite, amorphous, soluble in strong 
NOjOH, HjN and in CNK. Soluble to CNK,CNAg, a double 
salt. To estimate CNH, add to measured quantity HOK, and 
t^ien, by a burette, solution of NOgOAg until permanent precipi- 



CYANIDES. FERB0-CYANIDE8. FERRI-CTASIDES. 87 

tate appears. As soon as AoZ/ the quantity of GNH is changed 
into CNAg, one additional drop precipitates 'white CNAg, 
permanent, 1 70 parts of NOjOAg correspond to 1 30 parts of 
CNK and 54 p^rts of GNH. Meboubio cyanide GsN-Hg in 
rectangular prisms. 2GNH readily dissolye precipitated HgO 
= OH, 4- CjNjHg. Prep, G.NeFeK, + sSO^Hg = 2SO4K, + 
SO^Fe + sCjHjHg. Aubous cyanide CNAu, lemon-yellow 
powder, not decomposed even by boiling acids. GNK,CNAu 
much used in electro-gilding. Nickel cyanide GjKjNi, apple- 
green, readily soluble to 2GNK,G2N2Ni, re-precipitated by 
GIH. GoBALT CYANIDE GjN^Go is brownish-red, easily soluble 
in GNK. But, when slightly acidulated and boiled, H, is given 
ofif and potassium cobalticyanide is obtained, not precipitated 
by GIH : used to separate Ni from Co. Titanilm nitbo-cyanide 
C^jTi,3N,Ti2. 

Ferrooy^ddes. Verxoeyano^en is tetrabasic. Potassium 
febbocyanide C«NgFeK4.30H2. Yellow prussiate of potash. 
In large lemon-yellow crystals, derived from an octahedron 
with a square base. Soluble in 4 of cold, and 2 of boiling wnter. 
Insoluble in alcohol. Not poisonous; purgative. Source of 
CHH: 20,NflFeK4 + 6(S04Hj,20H2) + aq. = 6S0,(0HX0K)-i- 
i20Hj + aq. -h 6CNH -|- G^NgFe^Kj, known as Evebitt's salt. 
Also of CNK (see above). GeNeFeK4 at red -heat = 4CNK -f- 
G,Fe-f N2. With 8O4H, yields CO. Thus: G^N^FeK^ -f 
6(S04H„OH,) = 2S02(OK), + SO^CO^Fe) + 3[S02(OH,N),l 
-I- 600. In this last reaction GNH + OH^ = GO -f HgN. 
Prep, of the saU. From dry animal matters, as horn, hoofs, &c., 
at a red-heat, in contact with GOCOK), and iron-filings. The 
CNK produced, reacts when water is added upon the iron (see 
above) and upon ierrous sulphide : 6 GNK -f SFe = SK, -|- 
GfN^eKf. Largely used in making ^* Prussian blue," and is a 
delicate test for a ferric salt: 2GlflFe2 -f 3G.NeFeK4 = 12GIK 
-f 2Fe2,3FeGgNg. With a ferrous salt, a white precipitate 
OgNjFejK,, turning blue oYi exposure to air. Thus : GgNgFeK^ 
+ SO^Fe = SO4K5 -f G«N,Fe,Ka, or Everitt's salt. By air: 
eG^N^Fe^K, -f 3O = Fe^O, -f- 3G^,FeK4 + 2Fefiy,,iFeC^'S^, 
CuPBio febbocyanide GgNeFeGuj, red-brown : a tt st for cupric 
salts. Hydeooen febbocyanide GaNeFeH4 = GfyH^. While 
scales, insoluble in ether. Powerfully acid bolution. very soluble 
in water, and blues on exposure. Ag^, Pb,, Zn,, Mn, and Bi 
ferrocyanides are white and insoluble. FerrlDyanides. Ferri- 
cyanogen is hexabasic. Potassium febbicyanide Ci^^^^e^K^ 
is ** red prussiate of potash." Buby-red prisms, freely soluble in 
water. By passing Gl, through sols, of 2GeNeFeK4 = 2GIK -f 
GisNi^FesKg. An oxydizing agent in alkaline solutions, thus : 
4HOK -f. 2G„N,2Fe2K, = 02-1- 2OH2 -f 4C«N8FeK4. A te^t 
for ferrous : iSO^Fe + GjaNijFejKe = 3SO4K2 -|- CjaNigFejFe,, 
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" Tumbull's blue." No precipitate with ferric salts, only brown- 
ing. Hydrogen perricyanide CigNigFegHg in red, unstable 
crystals, by decomposing lead ferricyanide by SHj and evapora- 
tion. [Hitro-pmssides. Sodium NiiROPRrssiDK C^N-vNOFeNBa, 
ruby-rei crystals. By digestinj* CjNjFejNa with NOoNa 
+ OH, = Fe(OH), + CsNaFeNONa,. Generally by action of- 
nitric acid upon sodium ferrocyanide. Test for alkHline 
sulphides : gives purple color. Hydrogen nitro-prusbidb 
in crystals.] ' Cobaltioyanides. Potassixtm oobalticyanidb 
(CS)iJjO^^, in yellowish, flattened prisms, isomorphous with 
G,2Ni2^^s^6* Ghromioyanides. Potassium ohromicyanidb 
(ON),2Gr2K0, brownish-red prisms. PotaBsiam manganooyanide 
(GN)gMnK4,30H2, deep -blue square tables. Potassium man- 
GANICYANIDE (CNXjMiijKg deep-red, rhombic prisms. 

Cyanogen and Chlorine. Gyanogen chloride GNGl, a liquid 
boiling at i2°.6G. By action of Glj upon GNH. Polymeric 
modification GsNgGl,, a solid, by passin*^ Glj into a solution of 
GNH in ether. CNBr, in needles. GNI, in needles. By action 
oflj upon GjNjHg. Gyanamide GNH^N from GNG1+2H,N 
= GIH4N -f GNHjN. Methyl cyanide H^CCN = (C,H3)N is 
ethenyl nitrUe. Also called aceto-nitrile, because it can be 
prepared from aoetamide by loss of OH,. GjHjOHjjN — OH, 
= G2H3N. By distilling GNK with SO4GH3K = SO4KJ 4- 
HgCCN. Boils at 77° G. By heating with KOH (absorption of 
2 OH2), into H3N and salt of corresponding fatty aeid. As GNH + 
2OH2 = H3N + HGOOH, so H3GGN 4- 2OH2 = H3N + acetic 
ACID. GH3GOOH. Methyl isocyanide H3GNG. boils at 59'' 0., of 
very repulsive odor. From GH3I with GNAg. In isocyanides, 
G directly united with pentad N. When isocyanide treated with 
HOK, au amine produced (an alcoholic ammonia) and formic 
acid. Thus : HgGNG + aOHj = methylaminb N(GH3)Hj + 
HGOOH. 

Cyanic acid GNOH, limpid, colorless liquid, pungent like acetic 
acid. By OH^ into H3N and COj, which unite to GOCOHXOH^N), 
and cannot be separated by acids from cyanates. Changes 
spontaneously into solid cyamelid (isomeric). Prep, of CNOH: 
distilling the polymeric modification cyanurio acid (GN)3(0H), 
= 3 CNOH. emanates: by oxydatiou of cyanides. Potassium 
cyanate CKOk, crystallizes from alcohol in thin, transparent 
plates. Prep. GNK -f PbO = Pb -f GNOK. Slowly by moisture 
into HgN and GO(OH)(OK). Ammonium cyanate GNOH^N. 
By mixing vapor of GNOH with H3N, a white crystalline solid. 
With GIH, evolves GOg, and with HOK, ammonia. But, if 
heated^ into urea GO('H2N)2 which is metameric with cyanate of 
ammonium. [Cyannno acid (CN)3(0H)3,20H2= GsNjOjHj.aOH,, 
colorless, oblique-rhombic prisms. Tri-basic. Little soluble. 
Very stable. By passing dry Gl, over melted uiBa GO(HgN), 
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and removing H4Na by water. 6CO(H2N)2 + 3CI2 = 2CIH + 
Nj + 4H4NCI + 203X30,43. By heat into cyanic acid. Ful- 
minio add C2N2O2H2 not known in free state. Dibasic. Silyeb 
FULMINATE CjNjOjAgj, white crystalline plates, soluble in 36 of 
boiling water. Kxplodes violently when heated or rubbed. 

iNOjOAg + N2O3 + C2H,OH=20H2+2N020H4-C2N202Ag2. 
BIebcubic fulminate CjNjOjHg resembles the silver salt. In 
percuxision-caps. Fulminiirio acid C8KSH2O2OU is mono-basic. 
Also, isocyanuric acid.] 

Urea CONsHf = G0(H2K)2, the most abundant constituent of 
the urine, was artificially produced by Woehler in 1828 from am- 
monium cyanate CNOH4N by heating to 100° 0. In the urine 
of man it varies, but may be said to average 1.4 per cent. It 
crystullizes in long striated needles, very soluble in water and 
in alcohol. By 2NOOH = CO, -h 2N2 4- 3OH2. By chlorine: 
CON2H4 + OH2 + 3CI2 = 6HC1 4- CO2 + Nj. Heated to 1 20° 0., 
it fuses and decomposes into ammeune C3N,0H(H2N)2 and at 
150° C. into BIURET C2H5N8O2 [and biuret (3) into 3H8N -{• 
2(CN),(OH)3.] Urea unites with NO2OH, in shiny scales or 
rhombic prisms to nitrate CO(H2N)„N020H very little soluble. 
Obtained by evaporating urine to syrup, and after filtration 
adding its own bulk of nitric acid. Urea from this nitrate by 
G002Ba, evaporation and solution in boiling alcohol, in which 
barium nitrate insoluble. Oxalate (C00H)22C0N2H4 in 
transparent prisms. Urea from this oxalate by Calcium car- 
bonate and solution in water. With mercuric nitrate urea forms 
three compounds, and unites also with HgO and other bases. 
Heated with OH2 in closed tubes at 100° G., into carbonate of 
ammonium. It is the Diamide of carbonic anhydride, and con- 
tains the elements of ammonium carbonate minits 2OH2. Iso- 
meric with CABBAMIDE, but not identical, as when heated with 
alkaline solution of potassium permanganate it gives off its 
Nitrogen as such, whereas carbeonide has its N oxydized to 
nitric acid. Artificially prepared from chlobo-cabbonic acid 
COCl, -h 2H3N = 2CIH + UBEA. Also from efhtl cabbonate 
COCOCaHj^a + 2H8N = 2C2H4OH + UREA. [Urea containing 
alcohol radicles. Ethyl-ubea COHj(C2H5)N2. Di-ethyl ubea 
COH2(C2H4)2N2. Methyl-ubea C0H8(CH3)N2, &c., &c.] 

Sulphooyanate of potasnum CNSK, corresponds to the cyanate 
GNOK. Deliquescent, striated prisms. Deep-red color with 
Cl^Fe,, bleached by GlsHg, and evolving SH, with Zn and acid. 
Easily prepared by melting GNK with sulphur. Also by 
calcining S with (CJ!f\¥eK^ and GO(OK),. CWBNa in the 
saliva. Hydbogen sulphooyanidb GNSH, an oily liquid re- 
sembling acetic acid, easily resolving itself into GNH and 

HYDBOGEN PEBSULPHOCYANIDB G2N,S(SH)2. ISOSULPHOCYANDDB 

OF potassium NGSK, from the latter compound by alcoholic HOK. 
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Browns with ClgFe,. By fosion int© CNSK. Amuonixth sul- 
PHOCYANATB CNS(H4N) in colorless, deliquescent tables. At 
140° C, in part at least into Snlphnr-nrea CSCtijN),, or urea 
in which S takes the place of O in carbonyl CO.— AUyl iso-snlpho- 
cyanate 1SC6(C^^) pungent, volatile **oiZ of mustard." By 
action of ni3rrosin and water upon myronic acid in seeds of black 
mustard. Burning taste. Blisters the skin. Boils at 148° C— 
By passing Chlorine into CNSK, yellow, insoluble persulpho- 
CYANOGEN CsNgH.Sj is produced. Insoluble in water, alcohol 
and ether. When heated, into hydbomellone C^NgHj. Thus 
6C3N3HS, = 6CS2 + 38, + 2C,1IA- 

Amines. Derivates of H^N by substitution of alcohol-radicles 
for Hydrogen. Monamines, from one molecule of H3N by mon- 
atomic radicles ; Diamines, from two molecules of H3N by di- 
atomic radicles ; Triamines, from three molecules, by triatomic 
radicles. The nitrogen may be substituted by Phosphorus, 
Stibium, Arsenicum. Monamines may be primary, secondary or 
tertiary, according to removal of one atom, two, or three atoms 
of hydrogen. The amines resemble ammonia in properties.' 
Thus: tri-methylamine unites with methyl iodide to tetra- 
METHYLAMMONiUM IODIDE N(CH3)4l. Methylamine NHjCHg. 
Dimethylamine NH(CH3)2. Tri-methylamine N(CH3)3. Is 
contained in herring-brine. Tetramethyl-ammonium hydrate 
N(CH3)40H. When heated into trimethylamine and methylic 
alcohol; N(CH3)3 4- CHjOH.— Tri-methyl phosphine P(CH3)3. 
Colorless oily liquid. With methyl iodide into tetkamethyl 
PHOSPHONIUM IODIDE P(CH3)4l, and this by silver hydrate into 
tetkamethyl PHOSPHONIUM HYDRATE P(CH8)40H. — ^Trl-methyl- 
arsine A8(C 1^3)3. Unites with CHjI to tetbamethyl absonium 
IODIDE As(CH3)4l, from which AgOH separates the hydrate. 
Arsen-dimethyl As2(CH8)4 is " cacodyl." Spontaneously inflam- 
mable. ," Alkarsin." Colorless, transparent liquid, of horrible 
odor, intensely poisonous. By beating an acetate with arsenious 
anhydride. Unites with Clj and splits into two. Cacodyl 
CHiiOBiDE As(CH3)2Cl, colorless, fuming, poisonous liquid ; boils 
above 100° C With Zn gives pure cacodyl. Ab(GH3)2I. 
A8(CH3)2GN. By slow oxydation cacodyl into Oxide df cacodyl 
A82(CH3)40. By further oxydation into Cacodyl dioxide 
As2(CH3)402. Yet complete oxvdation into Gacodylic acid 
A8(CH3)200H.— Trimethyl stibine SbCCHg),. Also : Sb(CH3)4l. 
And Sb(CH3)40H. 

Metallic methiies. Zinc methyl or zinc methide. Zn (CH,),. 
By heating methyl iodide with Zinc under pressure. Color- 
less, spontaneously inflammable gas, decomposed by water into 
ziNC-HYDBOXiDE Zn(0H)2 and methane CH4. Stannous 
METHIDE Sn(CH8)2. Stannic methide Sn(CH8)4. Aluminum 
methide Al2(CH8)e. Mebcuric methide Hg(CH8)2. Very 
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poisonous liquid. Lead methide Pb(0H8)4. Silicon methidb 
Si(CH,)4. 

II. Di-oarbon group C,. Ethane CsH^ and derivatlTes. 

By substituting methyl for hydrogen in methane, we obtain 
dimethyl or ethane. Thus OH3CH3 = CgH^. 

Ethane, the second of the paraffiu group, O^H,, differs by GHj 
from methane, and is the second in this hoiuulogous series. 
(CjHsXZn + 2OH2 = Zn(0H)2 + iCaHg. Also by electrolysis 
of acetic acid : 2CH3COOH = H, + 2OQ2 + OH3CH,. Colorless 
gas, burning with pale flame. By action of chlorilie into ohlor- 
ethane or ethyl chloride C^U^Ol and 0111. Ethene GEisCH^ or 
C2H4, ETHYLENE OF OLBPiANT GAS. Golorless gus, inflammable 
with bright flapie, burning into 2CO + 2OH2. Dyad radicle. 
Unites directly with Gl2,Br2,l2. Tims GH^GlGHaGl = G^H^Gl^ 
is Dutch Liquid. In presence of nascent H^ into ethane again. 
Ethene G2H4 is prepared by abstraction of OHj from ethylic 
alcohol G2U5OH. It is al^o called an olefiiie. Also made by 
passing the chloride of the alcohol radicle over CaO. Thus : 
2G2H4GI + GaO = GljGa + OH2 + 2G2H4. Also from ethine 
OjHj by Hj nascent = G2H4. Acetylene or ethine GHGH = 
C2H2, colorless gas of unpleasant odor, burning with sooty flame. 
Often formed in incomplete combustion of CH4 and of G2II4. 
Thus: 4GH4 + 3O2 = 6OH2 + 2G2H2. Again : 2G2H4 + 02 = 
2OH2 + 2G2H2. Formed from its elements by heating Garboii 
points whilat glowing in hydrogen. Also by heating G2H4Br2 
with 2HOK = 2BrK + 2OH2 + C2H2. Ethine by nascent hy- 
drogen into ethene. It is absorbed by ammoniacal cuprous 
chloride and silver nitrate : G4Gu4,OH2. G2Aga^|OH2. 

Ethyl hydroxide or Methyl oarbinol C2H,0H = CICHsHjOH 
= GH„GH20H. As ** absolute alcohol," colorless, volatile, of 
strong spirituous odor. Inflammable; burniDg to 2GO2 and 
3H2O. Sp. gr. 0.8095 at 0° G., and 0.794 at 15°. 5 G. Never 
frozen. Viscid at — iro° G. Boils at 78°. 5 G. Great affinity 
for water. A solvent of gases, deliquescent salts, but not of 
C0(0K)2, of HOK, HONa. of I (tincture). Br, of resins (var- 
Dishes), essential oils (various Eaux de) alkaloids, &c. Fats 
and fixed oils, except castor-oil, but little soluble. Forms 
cUcoates : in them it takes the place of water of crystallization as 
in Gl2Ga,4G2H50H. " Proof-spirit *' contains 49.24 per cent, of 
alcohol by weight. Practically every additional 0.5 per cent, 
of absolute alcohol, to proof-spirit, is one degree above proof. 
Absolute alcohol is made by long digestion of rectified spirit 
of wine upon GaO, and distillation. Gan be made from its 
elements : a. From C^ + Hg at white-heat = G2H2. b. Ethine 
C2H2 by nascent Hg, into ethene G2H4. c. Ethene G2H4 with 
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S02(OH)2 into ETHYL SILPHURIC ACID SOaOHCOCjHs). d. By 
2HOK into SOjCOK)^ + OH2 + CHa^CHgOH. Or by distillation 
with water, into Bulpliurio aci«l and ethyl alcohol. Vinous 
FERMENTATION. The ferment is probably a fungus Torvtda 
cerevisiae and Fenidllium glaucum^ which lives upon the al- 
bumen contained in juice, say of grape, and induces a change 
wliich brings about tlie alcoholic fermentation of the glucose 
CaH,20a into 2CO2+ 2GH3.CH2OH. Temperature of 31°. 2 O. 
most favorable to fermentation. Port contains from 15 to 17 
per cent, of alcohol calculated as absolute ; Sherry, 14 to 16 per 
cent.; Madeira, 14 to 17; Amontillado, 12.6; (Jlaret, 8 to 9; 
Khine wines from 7 to 10 per cent. Claret, Burgundy, and 
Ehine wines contain but little sugar; sherry less than port. 
Cream of tartar C2H2(0H)2(C00HXC00K) in all grape- 
vines : least in old wines. Alcohol, as genuine wine, rouses 
sluggish digestions, limits the metamorphosis of foud, gives tem- 
porary strength to nervous system, carries off the effects of chills, 
and prevents the absorption of bad odors. When diet is insuf- 
ficient, it ai-rests the progress of decay till nature can again 
assert the power of the stomach to take food. 

Ethers of ethylio. Chlorethane C2H5CI = CHjCHgOl. Color- 
less, volatile liquid, ofsp.gr. 0.921, boils at 12°. 5C. By CI, in 
excess, into C2CI8 ultimately. With aqueous HOK = CIK + 
C2H5OH. With alcoholic HOK into CIK -f G^fiC^U^. Also 
with C2H4OK 4- CjH.Cl = CIK + C2H,0C2H5. With soda-lime 
into 2ClNa + OHg + CjH^. Prep, from CIH upon CgH^OH = 
OH2 + CgHgCl. Bromethane CgHjBr. Volatile liquid, heavier 
than water. Iodethane C2H5I or ethyl iodide. Colorless liquid, 
of ethereal odor, of sp. gr. 1.92 and boils at 72° C. Very im- 
portant. By distilling 70 parts of alcohol, 100 parts of iodine and 
5 parts of phosphorus. Practically PI, + 3C2H5OH = P(OH)j 
+ 3C2H5I. Cyanethane or ethyl cyanide CNC2H5, is propenyl 
NiTRiLE CgHjN. Boils at 82° C. By heating with KOH -f 
2OH2 =118^-1- propionic acid CgHgCOOH. Ethyl iso-cyanidb 

NGC2H5 by 2OH2 = ETHYLAMINE (C2H5)'H2N + FORMIC ACID 

HCOOH. Ethyl oxide or ethyl ether C2H50C2H3=C4H,oO 
is common ** ether." Colorless, transparent, fragrant liquid, 
very mobile. Sp. gr. 0.72. Boils at 35°. 6 C. Very com- 
bustible : one molecule of the vapor requires six molecules of 
O. Miscible with alcohol in all proportions. Ten parts of 
water take up one part of ether. Solvent of oils and fats, and 
of some salts and alkaloids. Vapor very heavy ; 2 . 5 86 that of 
air. By long action of Clj in sunshine into C4CI10O. 

When Na introduced into ethyl alcohol, sodium ethylatb 
CjHjONa is produced and H. Potassium ethylate C2H5OK, 
by same means. Thus : 2C2H5OH + K^ = 2C2H5OK + Hj. Now : 
CjHftOK + CgHjCl = CIK + OaHsOCgHfi. {See ethyl-sulphurio 
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acid.) Ethyl sulphide C2H4SC2H5, colorless oily' liquid, of 
pungent alliaceous odor, of sp. gr. 0.825, and boils at 72° 0. 
Very inflammable. Ethyl bydrogen sulphide OgH^SH. Mer- 
CAPTAN. Colorless, limpid fluid of sp. gr. o . 842. Boils at 3 6° C. 
(See methyl, p. 85 .) Ethyl nitrate NOsOC^H,. Sp.gr. i . 11 2. 
Insoluble iu water. Boils at 8$^ C. Urea employed to pre- 
vent the formation of nitrite. (See urea, p. 89.) Ethyl nitrite 
NOOC2H5. Pale-yellow liquid, with odor of apples. Sp. gr. 
o.q47 : boils at 16°. 6 0. A solution in alcohol mixed with 
aldehyde, constitutes Spiritus etheris nitrosL Ethyl pormai'E 
HCOOC2H,. Liquid of faint odor as of CNH. Sp. gr. 0.915. 
Boils at 5 3° C. Ethyl suli'Hate SOjCOUgHJa. Syrup which 
cannot be distilled. Ethyl hydrogen sulphate or mlphovinio 
add SO2OHOC2H5. Sour, syrupy liquid, in which sulpliuric acid 
not recognizable by ordinary tests. By mixing rectified spirit 
with twice its weight of sulphuric acid. Calcium ethyl-sul- 
phate. S02(0C2H5)2,S02(02Ga),20H2 colorless, transparent crys- 
tals. Distilled with HSK, gives mercaptan. Potassium ethyl 
SULPHATE SO2(0G2Hs)(0K) by C0(0K)2 from former salt. When 
a thin stream of O2H3OH is poured into boiling Ethyl hydrogen 
sulphate, at a temperature of about r49^ C., continuous etheri- 
floation is effected. Thus : S02(OH)(OC2H5) + C2H5OH = 
S02(OH)2 + C2H5OO2H,. Then : S02(OH)2 -f C2H5OH = 
OH2 4- 802(OH)(002H5). Eti^yl-dihydroxyl phosphate 
F0(0H)20C2H5. Ethyl borate B0(0G2Hs). Ethyl silicate 
SiCOCjHs)^. From C^Si 4- 402H,0H = 4CIH -f SiCOCaH,)^. 
Ethyl carbonate 0(^0(i^^2- Aromatic liquid ; boils at 1 25° C. 
C0(0Ag)2 -t- 2C2HaI = 2lAg + CO(OC2H5)2. Ethyl hydr- 
OXYL CARBONATE C0(0H)(0C2H5). Crystalline. By passing dry 
COg into solution of HOK in absolute alcohol. Ethyl sulpho- 
CARBONATES. C0(0H)S02H5. C028(02Hs)2. 

Double ethers. Methyl-ethyl ether GH3OC2H5. Boils at 
1 1° C. Thus : CHjOK + C2H5I ^ IK + CHaCOOjH,). 

Ethyl aldehyde H3C(C0H) = C^lSLfi. Colorless, mobile, 
ethereal liquid. Sp. gr. 0.8. Boils at 21° C. Inflammable. 
Reducing agent. Thus : Ag20 + HjCCCOH) = HaCCCOOH) 
-f- Agj, With alkaline acid sulphites, crystalline compounds, 
as S0(0HX0Ka),G2H40. By nascent Hj, into respective alcohols. 
H3N in ethereal solution of aldehyde, gives crystalline alde- 
hyde-ammonla. H3CCHOHH2N = C2H4(H3N)0. Heated with 
HOK = Hg + POTASSIUM acetate CjUaO.OK). By CI5P = 
POClg -f- chloraldehyde CH3.CHCI2. By CI2 = CIH -|- acetyl 
chloride C2H3O.CI. Fused with HOK = H2 -I- C2H30(OK). 
Several polymeric modifications^ as paraldehyde, and metalde- 
HYDE. Aldol is another. Frep. distilling CjHjCOH) with 
S02(OH)2 and Cr03,Cr02(OK)2 : Og oxydizes two mols. of 
alcohol by removing 2OH2. Also, by distilling sodium acetate 
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with sodium formate : into OOCONa), + HjCCOE. Aeetal 
02H40.0(C2H5)2 = CeHi402, is aldehyde-ether. Colorless, ethe- 
real liquid of sp. gr. o. 82 1 at 22°. 2 C.. and boils at 140° C. By- 
platinum black into aldehyde, and then, acetic acid. From 
CjH^O.OjHsCl by C ^ONa = CINa + AcetaL Chloral or 
Chloraldehyde GCI3GOH = C2HGI3O. Thin, oily, colorless fluid, 
of penetrating odor. Sp. gr. 1.502. Boils at 94° C. Freely 
soluble in water, alcohol, and ether. With a small quantity of 
water, it forms Chloralhydrate G2HC1,0,0H2. Much used in 
medicine. Unites also with ethylalcohol. Heated with alkalies 
into CHLOBOFOBM CHGl, (p. 83) and formate of the metal. 
Behaves like an aldehyde. By O into tbi-chloracetig acid 
GG1„G00H. Prep, by action of 4GI2 upon ethyl-alcohol, or of 
3GI, upon aldehyde. Thus: GH^GH^OH -f 4GI, = 5GIH -f 
CG1„00H. Bbomal GBr„GOH. Boils at 1 72° G. 

Aoetio aeid H,G.COOH = GH,GOOH or C2E4O2. The second 
of the fatty acids, derived from the 'paraffin series of hydro- 
carbons. Monobasic. Is found in the juices of many plants as 
acetate. Glacial acetic acid, in lustrous plates, fusing at 1 7° G. 
Sp. gr. of liquid 1.055. Boils at ii8°G. Miscible with water, 
alcohol and ether. Five per cent, or less in vinegar. " Pyro- 
ligneous acid" by destructive distillation of wood. Mainly 
prepared by oxydation of alcohol. HjGCHjOH + 0^ = OHj -f 
HsOCOOH. Phosphoric cliloride changes acetic acid into Acetyl 
chloride G^BfiCl Thus : GjHjO.OH -♦- PGl, = POGl, + GIH 
-f- CgHgOCl. By passing the<vapor of acetic acid through a red- 
hot tube, we obtain Acetone GH3GOGH,. Acetates. Potassium 
acetate GjHsO.GK, foliated, deliquescent. Used in medicine as 
a diuretic. Sodium acetate GsHsCONajsOH, in oblique rhombic 
prisms, very soluble in water. Used in making the acid with 
SO4H2. Also for METHANE GH4. Thus : GH.GOONa + HONa 
= GO(ONa), + CH4. Ammonium acetate GHjGOOH^N, dia- 
phoretic* Important. Heated with P2O5, loses 2OH2, into 
Ethenyl nitrile (G2H,)N or aceto-nitrile. Methyl acetate 
GUgGOOCGHa), in wood spirit. Golorless, fragi-ant liquid. Boils 
at 55° G. Ethyl acetate CHjGQCOGjHJ, fragrant Umpid fluid, 
of sp. gr. o . 89, and boils at 73° . 8 G. By distilUng sodium acetate 
with ethyl alcohol and sulphuric acid. Thus: GHjGHjOH -f 
SO4H2 + GHaGGCONa) = S02(0H)(0Na) -|- CHjCOCOCgH.). 
Acetamide GjHgOjHjN, white crystaUiue solid, melting at 78^ G. 
From ethyl acetate and HgN. Also from ammonium acetate — 
OHj. Also irom G2H3OGI + HgN = HGl + Acetamide. Behaves 
like an acid and a base. By loss of OHg into aceto-nitbilb 
(GjH,)^. Heated with CIH into GIH4N -f- Diacetamide 
(G2H,0)2HN : it is a secondary monamine, just as acetamide is 
a primary. Bthyl-acetamide (G2H5)(C2H30)HN is formed from 
ethylamine and acetyl chloride with U)ss of GIH. Lwd acetate 
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(C2H,00).,Pb,30H2 is sugar of lead, in right-rhombio prisms, or 
in masses of white crystals. Soluble in less than 2 of water. 
By heat, anhydrous ; then fuses. If temperature raised, into 
PbOjGOs, and Acetone GsUsOjCH, or acetyl methyl. But 
acetone is better prepared by distilling calcium acetate 
(CH3)2(COO)2Ca = CtXOfie.) + Aoetone. Colorless liqui-i. 
Boils at 56^0. Behaves like an aldehyde, bat with nascent 
Hj yields secondary propyl alcohol CH^.CHOH.CHs (p- ioi). 
Acetone also, from zino methide and acetyl chloride : (CU3)2Zd 
+ 2CH,.G0C1 = ClgZn + 2CH,.C0.CH3. Goulard extract is 
BASIC ACETATE 2PbO,(C2H30)202Pb.OH2. In crystals, by addi- 
tion of H3N to acetate of lead. Formed in manufacture of white 
lead Pl.(OH)2,2C002Pb. Copper acetate (C2Hj02)2Cu,OH2 in 
green crystals, solubhan 14 uf water. Verdigris is basic acetate. 
Silver acetate C2H30(OAg), small colorless needles, little soluble 
in water. Merourous acetate, small scales, very little soluble. 
Ferric acetate, dark red-brown, uncrystallizable. Ag, Kg,, and 
Fe, salts, are tests. Acetic ozlde U the Anhydride (0,1130)20 = 
(C2H,0)0(C2H30). Heavy oily liquid, slowly by water into 
acetic acid. Prep. From acetyl chloride on sodium acetate = 
ClNa + (C2H30)20. 

Chloracetic adds. By action of OI2 upon acetic acid in sun« 
shine. The 01 substitutes one, two, or three atoms of Hydrogen 
in ACETYL O2H3O. Mono-chloracetic acid (CS^CiyOOOR. 
Di-CHLORACETic ACID (CHCl2)C00H. Tri-chloracetic acid 
(GCls)CIOOH. With H3N yields Ohloroform (p. 80- Bromacetic 
aoidB. lodacetic acids. Thiaoetic add OH3COSH, by PjBg on 
5OH3OOOH = P2O5 + 5 CH3OOSH. Axnidacetic acid 0H2(H2N) 
COOH is Olycocin, or gelatin-sugar. Transparent ciystals 
easily soluble in water. Prepared by 2H8N upon monochlor- 
acetic acid = OIH4N + glycocin. See hippuric acid, p. 114. 
Nitrous acid changes it into oxy-acetic or glycollic acid 
CH2OH.OOO H + N 2 + OH2. Methyl glycocin or Sarconn OH2 
(0H3.HN)0OOH, colorless, riiombic prisms, isomeric with alanin. 
By boiling creatin with Baryta water ; also by digesting ethyl 
chloracetate with aqueous solution of methylamin. Thus : 
CHjOl.OOOCgHs-f CH3.H2N+OH2=01H +C2H3OH + methyl- 
glycooin OHj.HNCHj.COOH. It combines witli acids to form 
salts. When lieated with soda-lime it gives off methylamin (p. 90). 

Amines. — Ethylamine G2H5H2N - OjH^N. A primary amine, or 
ammonia in which the alcohol radicle *' ethyl " replaces H atom 
for atouK On digesting bromethane OjHgBr with alcoholic 
solution of HjN, ethyl-ammonium bromide CaH^HgNBr is ob- 
tained ; on distilling with CaOOHg, Br2Ca and 2C2H5H2N result. 
Or, from ethyl-isocyanate NCOOgHs by 2HOK = COCOK). 4- 
KH2C2Eg. MobUe liquid of sp. gr. 0.696. Boils at 19^0. 
Odor of ammonia. White clouds with OlH. Orystallizable 
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salts. Vapor inflammable. Decomposed by 2N0(0H) = N , + 
2OH2 +N0(0G2Hs). The nitrites of alooholie radicles thus pro- 
doeed, easily resolved into oorresponding alcohols by distUlation 
with KOH. The iso-cyanides easily prepared from the alcohols, 
and by nascent H, they are changed into Amines. Thus we 
pass fr >m a lower to a higher alcohol. By passing, vapor of 
CN(OHj into (C,H5)H,N, we obtain ethyl-ubea COH,(0,Ha)N,. 
Diethylunine (62^5)2^^ j by mixing ethylamine with ethyl 
iodide, &c. Triethylamine (GcH5),N. Tetrethyl-ammonium hy- 
drate (G2Hs)4N.OH. From iodide by HOAf?. Analogous to 
KOH. By heat = (0,H5),N + OH, +C,H4. Triethylphosphine 
(C,H,),P. Triethylstibine (0,H,\Sb. By distilling 3(CjH.I) 
with an alloy of SbK„ &c. Triethylarsine (02Hs),A8, &c. Tri- 
ethylhimiithiiie (0,Hs)3Bi. 

Metallio oomponnds OF ethyl. Potassium ethide (C2H5)K and 
GjHsNa only known in combination with (02H5)2Zn. Zine ethide 
(C2H5)2Zn. United with l2Zn, by heating IGjHg with Zn in 
close yeasel, and separating by distillation in H. Serves to ex- 
change ethyl for CI, Br, I and in compoimds. Mobile, volatile 
liquid, burning with ^eenisli flame and depositing ZnO. By 
water into Ethane G2H0 and zinc hydroxide ZnCOH),. With 
dry O, first into GiH^ZnCOOaHa) and then into G2H50ZnOG2H4. 
With I2 = IG2H5 4- IZnGjHs. Then IZnGjH, + 12 = IjZn + 
IG2H5. With MEBCUBic CHLORIDE, zitic ethide gives CljZn 4- 
Mercnrio ethide (G2H5)2Hu:. Plumbic ethide (GjH j4Pb. Silicon 
ethide (G2H5)4Si. by zinc ethyl on Gl^Si. Golorleda liquid, boils 
at 150° G. May be regarded as the ninth paraffin, nonyl G^Hjo 
in which Si replaces G. Borethide (G2U5),B, boils at 95'' U. 
From ethyl borate by zinc ethide. 

[A dicarbon monatomic alcohol not belonging to the primary 
alcohols of the paraffin series is, vinyl alcohol C^HfiH.. Pre- 
pared by Berthelot from ethine G2U2* by combining with 
SOjCOH)- to VINYL-SULPHURIC ACID S02(OHXOG2 Hs)' and dis- 
tilling with water. The radical vinyl is univalent. Only two 
alcohols ofthis series are known, i. Vinyl alcohol. 2. Allyl 
ALCOHOL GsHgOH, see p. 102.] Sthene or ethylene OjH^, p. 91, 
is a dyad i-adical. It is the basis of a series of diatomic alcohols, 
derived from the paraffins by substitution of 2 OH for 2K. 
Thus : G2H9 becomes G2H4(OH)2. i. Methene CHg is unknown. 
Its oxygen compound is GO. [Its glycol, methene glycol 
(CH2)"(OH)2, cannot attract to itself more than one atom of 
OH. BIbthkne acetate (GH2)"(0G2H,0)2. Oily liquid. 
From methene iodide GH2I2 on G2H,0(0 A g). Methene oxide 
(GHsy'O or rather (GH2)sO,.] 2. Ethene alcohol is Glycol 
GjH/OH),. Golorless inodorous liquid of sp. gr. i . 12s. Boils 
at 197^.5 G. Miscible with water in all proportions. JPrepared 
from ETHENE BBOMiuB G2H4Br2 by silver acetate 2(GH,G00Ag) 



ETHEKE CYANIDE AKD SULPHIDE. TAURINE. 9f 

i= 2BrAg + (CjHaO.O)AH4. By distilling acetate of ethene 
with Ba(0H)2 = (C2H300),Ba + CjH^COH)^. Potassium 
may expel one or two atoms of H in OH, and yield mon- 
or di-ethenate. Ethers of the glycols obtained by treatment 
with iodmethane. iodethane, &c Thus: CjH/OHXONa) + 
CjHjI = INa 4- ETHYL ETHENATE C2H4(OHXOC2H6). Again: 
C,H4(0Na), 4- iCjHjI = 2lNa = diethyl ethenate O2H4 
(OCaHj),. Hydroxy 1-acids produce ethereal salts, but the hydr- 
acids of CI. Br, I, &c., only remove one atom of OH, forming 
ethene chlobhydrate C2H4OH.CI. Dichlobinated ether 
C2H4CI, can only be produced from the alcohol by 2CI5P = 
2CIH 4- zPOOlg + ethene dichlobide CgH^Clg, the Dutch 
liquid of Gi^mistry. G2H4CI2 is a thin colorless liquid, of 
ethereal odor ; heavier than water. Boils at 82°. 3 0. Prepared 
by mixing 01, with CjH^. CgCle is a white crystalline, aromatic 
substance, the analogue of ethane O2H9'. G2GI2 in white 
net dies, obtained by pBiSding CHOI, or CjOlg through a red-hot 
tube. Ethene bromide (C2H4)"Br2, boils at 1 29° . 5 C. Ethene 
iodide C2H4I2, a crystalline substance, made by acting upon 
CgH4Cl2 with Ij. Ethene cyanide (C2H4)"Ov2, crystalline, 
melts at 50^ 0. By distilling 2ONK + C2H4Br2 = 2BrK + 
Cy^G^Hi)"- Ethene oxide (02H4)"0, transparent, colorless 
fluid; 'boils at 13°. 5 It takes up nascent Hj, and becomes 
othyl-alcohol. From ethene chlor-hydrin C2H4OHCI + HOK 
= CIK 4- OH2 + ethene oxide O2H4O. It is a powerful base, 
and unites wiUi H3N to form basic compounds with i, 2, 3 and 
4 molecules of O2H4, of syrupy character and no crystalline 
compounds with acid sulphites. Ethene oxide is thus distin- 
guished from aldehyde or ethidine oxide CHgOOH. Ethene 
sulph-hydrate 02H4(SH)2, colorless oil, insoluble in water. 
From 02H4Br2 by 2SUK. Ethene smj»HiDE(02H4)"S,(C2H4y'S. 
Crystalline soUd. Vapor-density 60. Ethene sulphonic acid 
C2H4(SO,H)2. difficult to crystallize. By oxydation of the 
sulph-hydrate of ethene, or by boiling ethyl-alcohol with sul- 
phuric anhydride. C2H4(.0H)S08H is isethionio aoid, and isomeric 
with ETHYL suLPHURio ACID C2H5HSO4. Uucry stal lizable liquid , 
decomposed by boiling with water. Ammonium isethionate 
C2H4OHSO8H4N, heated to 230° C, into OHj and ethene- 
amido-Bolphonic aoid or Taurine C2H4(H2N)SO,H. Iseth ionic 
acid, by oxydation of the sulph-hydrate of ethene, or by action 
of nitrous acid on taurine = N. -1- OH- + isethionic acid 
(0,H4y'(0H)S0,H. 

Taurine 02H4(H2N)SO,H is found in the bile of oxen, &c , in 
combinatien with cholic acid, and is prepared by boiling 
TAUBOCHOLio ACID 02eH4aNSOy + OH, with HOK. In rhombic 
prisms, easily soluble. 

Ethionio ANHYDRIDE C2H4(S0,)„ in deliquescent needles. 

H 
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By OH2 into ethionic acid C2H4(0S0,0H)S020H. Resolved by 
boiling water into S()^OH),+i«ethionio add CjH^COHXSO.H). 
Glycol (CHsOH), or C^^(GR\ by ozydatioa, formB the first of a 
series of diatomic and monobasio adds. OlycoUic acid CgH^O, 
= CHa"(OHXC00H) or oxy-acetic acid, is the first of the 
lactic series, or oxy-fatty acids. Sometimes syrupy liquid. Hi 
others crystalline. Sour, very soluble, begins to boU at ioo° G. 
(By dehydrants. from 2 mols. minus OH,, into dibasic di-gly- 
ooLLio ACID C^HgOj.) Prep, from Glycol by platinum-black. 
From glycocin, p. 95, by nitrous acid. From lironiacetic acid 
by HOAg. CHjBrCOOOH) + HOAj? = BrAg + CH^OHGOOH. 
From OXALIC acid by 2H2. By further ozydation of a glycol, 
we obtain a series of diatomic, dibadc adds. They all conttiin 
4 atoms of O. 1. OxaUc add G^Hfi^.iOli^ = (C A)"(0HX20Hj. 
Oblique, rhombic prisms, soluble in 8 of water, and in their 
own weight of boiling water. Poisonous : magnesia or 
chalk the best antidotes. Reduces Gl,Au. Thus: 2Cl,Aa 
+ 5[(C202)"(OH)J = 6C1H + 600, + 2Au. By SO.H, into 
S04H,,OH2 + CO, + CO. All OXALATES decomposed by heat, 
generally into carbonate, and Carbonic oxide, sometimes into 
metal and C0„ without blackening. (C,02)"(OK)2,20H, in 
rhombic prisms. (C,(),)"OH.OK,20H2, is salt of sorrel. In 
MumejT, Oxalis acetoseUa, &c. Soluble in 40 of water, and 
6 of boUing. Quadboxalate (C,0,)"0H.0K,(C,0,)"(0H),. 
Sodium oxalate very little soluble. AuMONniM oxalate 
(C,0,)"(0H,N),,20H, : by heat into 20H,+oxamide (CjO,)" 
(HjN),. Heated with a de-hydrant into 40H2+di-cyanogen CjN,. 
Cyanogen in water + (4OH,) = (C,0,)"(OH4N)2. Ammonium 
hydboxalate (C,0,)"(0HX0H4N),0H,. By heat at 232° C, 
into oxAMio AdD (C,0,)"(OHXH«N). Calcium oxalate 
(C202)"02Ca,4aq. whit^, insoluble in water and in acetic acid. 
*' Mulberry culculus," because often blood-stained. By heat 
= CaO,C02+CO. Lime and soluble salts, a test. (C,0,)0,Fe 
nearly insoluble. Ferric soluble. (C,0,)"(0C,H5), is ozalio 
ether. Colorless, oily liquid of aromatic odor, and i .09 sp. gr. 
Boils at 183°. 8 C, littie soluble in water. With 2H,N into 
ethyl-alcohol and oxamide (C20,)"(H2N),. "With dry gaseous 
ammonia, ethyl oxalate yields alcohol, and ethyl oxamate 
(C,02)"(H,NXOC,H5). Oxamide (C20,)"(H,N)2 a white powder, 
insoluble in water and in alcohol Its vapor through red-hot 
tube : 2(C20,)"(H2N), = CO"(H,N), + CNH + HgN + CO -f 
CO,. It is formed when 2CNH + 0,H, are brought together. 
By dilute acids into oxalic acid and an ammonium salt. Di- 
methyl OXAMIDE (C,0,)"(CH,),NH,N., &c. Ethyl carbonate 
(CO)"(OC,H5)2 by K or Na upon ethyl oxalate: CO evolved. 
Methyl oxalate (Gfi^"(OCHf\, in transparent rhombs. 
Melts at 53<> 0. Boils at iSi*" 0. With dry H,N into methyl 
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oxamate (C202)"(H,N)OCH3. Ethene oxalate (Cj02)"(OCH2), 
from silver oxalate by C2H4Br2. Frep. of ozalio aoid. i. From 
calcium oxalate by SOg'^OH),. 2. from sugar by oxydation 
with nitric acid: CuHgaOn 4- 9O2 = sOH, + 6 oxalic acid. 
3. by heatino: potassium-amalgam in OOj ; or Na, in 2 CO, 
= (C202)"(ONa)2. 4. Upon a large scale, by heating sawdust 
with mixt KOH + iNaOH at about 204° C. and treatment 
with water, which leaves sodium oxalate undissolved. From 
(C202)"(ONa)2 + Ca(0H)2 = (C202)"(02Ca) + 2NaOH. From 
calcium oxalate by sulphuric acid : (C2O2)"O20a + S02(OH)2 = 
BO2O2CaH-(C202)"(0H)2.— 2. Malonic aoid C^YLfi^ = (OaHjO,)" 
(0H)2 = (CH2)"(C00H)2 ; rhomboids. Melts at 140° C. At 
J5o°C. into CO2 + (CH,)COOH. By oxydizmg malic acid + 
O2 = CO2 + OH2 4- malonic acid. Also by oxydation of pbo- 

PENE-GLYCOL (C3Hg)"(OH)2. [NlTEO-MALONIO ACID (CHXNO) 

(C00U)2, in ^ible needles : explosive. Amido-malonio acid 
CH(H2NXCOOH)2, by nascent Hj upon the nitro-compound. 
Shining prisms. By beat into CO, and amidacetio acid 
CH2(H2N)COOH or glycooin.] 

XesozaUo aoid C0(C00H)2 ^ CjHjO, by substitution of 
O for Hj in malonic acid CH2(C00H)2. Deliquescent prisms, 
containing OHg. Melts at^ ii$° 0. By oxydizing amido- 
malonic acid CHCNOXCOOH), + O = H3N + C0(C00H)2. Also 
from alloxan + 2OH2 (boiled with alkalies) = CO(H2N)2 + 
C0(C00H)2. Nascent Hj converts me&oxalic acid into tab- 
TBONic acid CH(0HXC00H)2. 

8. Snodnio aoid (CjH J"(COOH % = C4H.04 = (C4H402)"(OH)2. 
Colorless oblique rliombic prisms, soluble in 5 of cold and 3 of 
boiling water. Melts at ibo°C. ; boils at 235° C, loses OHj 
and becomes srcciNic oxide or anhydride (C4H402)"0. Also : 
C2H4(COOH)2 + CI4P = CI3OP 4- ^CIH + (C4H402)"0. Al- 
kaline succinates readily soluble. Ferric stjcoinate, red-brown 
precipitate, dissolved by GIH. Succinates, not preoipitated 
from salts by acids, hut, in the cold, by Cl2Ba, after addition of 
H3N' and cUcohol. Succinic acid exists ready formed in amber 
(mccinum). Most easily obtained by fermenting calcium 
malate. (See Mauc acid C2H8(0HXC00H)2, p. 105.) Also by 
oxydizing butyric acid CgHyCCOOH) = OHg 4- snooinio acid. 
Also by action of IH upon malic acid. Thus : C2H,OH(COOH)2 
+ 2lH = I2 + OH2 + saooinio add.— Also from ethene cyanide 
(C2H4)"C2N2 by alcoholic potassoxide. Thus : (C2H4)"C2N2 + 
2HOK+ 2OH2 = 2H3N+POTASSIUM SUCCINATE. (C2H4)"(COOK)2. 

Also by nascent Hg to pumario acid (C2H2)"(C00H)2. Mono- 
bromsuooixiio add C2H3Br(COOH)2 by heating the acid with 
Br2 and water in sealed tubes to 160° G. In groups of needles, 
easily soluble. Melts at 160° C, evolves BrH, and becomes 
fumaric acid. By boiling with HOAg, into BrAg and xnalio 

h2 
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add CaHjOHCCOOH)^. Bi-bromsiiodxiio add CaH^B^CCOOH)^ 
in prisms. By 2H0Ag into inadiive tartarie add CfsHjCOH), 
(C00H)2. [Sl'CCintl chlobide (0^4)"(C0C1)2. Oily liquid, 
produoed by action of PGl^ upon succinic acid.] [Belonging to 
the same group, as r. ox alio acid (C202)"(0H)2, p. 98 ; 2. Ma- 
LONio ACID (CH2XCOOH)2, p. 99 ; 3. Buccinio acid (C2H4)" 
(G00H)2, p. 99 ; we have to mention : 4. pyro.taxtaiic add (OsH^) 
(COOH2). 5. Adipic add (C4H«)"(COOH)2. 6. Pimelio add 
(C«H,o)"(COOH)2. 7. Buberio add (C,H,2)"(COOH)2, white 
crystalline powder. 8. Andioio add (G7H,4)"(COOH)2. 9. Se- 
bade add (C8H„)"(COOH)2. In pearly scales ; melts at 1 2 7° 0. 
10. Bra88yUcacid(C^n)"(COOH)2. 11. Boocemoadd(C„H,o)" 
(C00H)2.] 

m. Trioarbon C, or Propane group CsH^. 

. All compounds which contain three carbon atoms linked 
together are derived from the paraffin propane CsHg = GH,- 
GH2— GHg. 

Propane G8H8= GHj-GHj-GH,, is a gas, liquefying at— 20® C. 
Methyl-ethyl. By action of zinc and 2GIH on (2) pbopyl 
lODiDB GbH^I. Also contained in petroleum. Exposed to 
Ghlorine in sunlight, partly into pbopyl chlobtde G^H^GL 
Colorless liquid.. Boils at 47° G. Also from normal propyl 
alcohol by GIH. Pseudopbopyl chlobtde GHj-GHGl-GH,; 
boils at 3 7® G. Pbopyl iodide CHs-GHj-CHsI or GjH,!, boils 
at 102° G. PsEiDOPBOPYL IODIDE GHj-GHI-CH,, an oily liquid 
of sp. gr. 1.7. Bromine expels iodine. Best prepared by 
action of hydbogen iodide IH upon glycebin ; GjHjCOH), -f 
5IH = 2I2 + 3OH2 4- CjHyl. By nascent Hj = IH + CjHg op 
normal pbopane; GgHg by Glj into normal pbopyl chlobidb 
CgH^Ol or CH8-GH2-GH2CI, and this, heated with potastium 
acetate, yields normal pbopyl acetate. Now normal propyl 
acetate, heatid in sealed tubes with HOK, gives potassium 
acetate and normal propyl alcohol GHs-GHz-GHjOH. A generic 
method of obtaining the liormal from the abnormal. 

Primary propyl alcohd G,H,OH = CHg-GHj-GHjOH. Jn 
this, as in other primary alcohols, hydroxyl is attached to a 
carbon-atom at the end of the chain. Also : Ethyl-oarbinol. 
Boils at 96° G. Freely somble in water. In the residues of' 
certain French brandies. From propionic aldehyde GH,- 
GH2-GOH by nascent H, = CHa-GHs-CHsOH. Also from 

ETHYL CYANIDE GHj-GHj-CN bv 2H2 iuto PROPYLAMINE GH,- 

GH2-GH2H2N ; this by 2N0(6H) into 2OH2 + N, + pbopyl 
NiTBiTE. Then : NOiCOC.H,) 4- HOK = NO(OK) + GsH^OH.— 
Propylic aldehyde GH,-GH2-G0H or C3H0O, of sp. gr. 0.804. 
Boils at 49° G. Resembles acetic aldehyde. Obtain^ by oxy* 
dizing the normal alcohol, or by distilling a mixture of calcium 
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formate and propionate: (CH,-CHaCOO)aCa + (H-COO)jCa 
= 2C002Ca + propylio aldehyde (2 mols.). — ^Propionic aoid 
GtH^GOOH = G,H,02. Is the thizfl of the series of the fatty 
acids, of which fobmio acid H.0(M)H, is the fint, and acetic 
Acm GH,-CIOOH, is tiie seoond. Colorless liquid, of sp. gr. 
0.993. Soluble in water; the propionates also. Prep, From 

BTHYL CYANIDE 0,HaCN + HOK + OH, = H,N + POTASSIUM 

PROPIONATE, and &om this by distiUatiou with PO(OH),. Also 
from LACTIC ACID C,H,0, + 2IH = Ij + OH, + C^Hs-COOH. 
[Chloro-propionic acid CHs-CHCl-OOOH. Dense liquid of 
sp. gr. 1 . 28. Boils at 186^ 0. Prepared from lactyl chloride by 
OH,, and changed when heated with HOAg, into ClAg and 
lactic acid. Bromo-propionic acid CsH^BrO,, is solid at — 1 7° C, 
and boils at 202^ 0. From propionic acid by Br, or from lactio 
acid by 2BrH. Alcoholic H,N changes it into Alanine or amido- 
PROPiONic ACID CH,-CH(H2N;-C00H. Crystallizes in tnft« of 
needles, soluble in 5 of water. Quickly heated, into CO, and 
ethylamine. Nitrous add converts it into laotio aoid. Fropion- 
amide C,HgO,H2N, resembles aoetamidb C,H,0,H,N. Melts at 
75° C] 

Secondary propyl aloohol CjHyOH = CH,-€HOH-CH,. '' Pseudo- 
propyl aloohol." The OH is placed between two other carbon* 
atoms, as in all secondary alcohols. Isomeric, but differing 
in properties and results of decomposition. Also called di- 
methyl CARBINOL. Boils at 84^0. Forms definite hydrates. 
From iso-PROPYL iodide by silver acetate, and from iso-propyl 
acetate by HOK. On oxydatum yields a ketone (not an alde- 
hyde). Thus : CH,-CHOH-CH, minus H, = CHj-CO-CH, or 
Acetone C,H,0 (p. 95). Nascent hydrogen H,, changes acetone 
into secondary propyl alcohoL Acetone, by further oxydation 
2O, = CO, + OH, + ACETIC ACID GHjCOOH. [Chlorine may 
Bobetitute EL, atom for atom in acetone. Under the influence of 
OIH, acetone may become : hesityl-oxidb CJBLifi ; phoronb 
C9H14O, and ME8ITYLENE C9H1,.] 

Pxopene C,H«, colorless gas, condensable. In coal-gas. With 
IH forms secondary propyl iodide CH3.CHI.OH3. By nascent 
H or IH on allyl iodide C3H5I. Or, by heating HOK with 
PROPYL IODIDE C3H7I = OH, -{- IK + C3H8. Fropene glycol 
(C3H«)"(0H),, is the third diatomic alcohol. Colorless, oily liquid, 
of sweet taste. Boils at i88° C. By contact with Platinum 
black into lactic acid CH3.CHOH.COOH, and OH,. Ghiseous 
CIH into PROPENB CHLORHYDRiN CHa.CHOH.CHjCl. The glycol, 
by distilling propene acetate (CH,.C00),C3H, with 2KOH =s 
2CH,CO0K + (C,H,)"(OH),. 

Fropene oxide (C3Ha)"0, is a volatile liquid, readily soluble in 
water ; boils at 35° C. By aqueous HOK upon propene ohlor- 
hydriiL 
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Propenyl alcohol or Olyoerin (G,Eg)'"(OH), is a triatomic al- 
cohol. By substituting 3(0H) for 3H in a paraffin, we obtain 
a triatomic alcohol. Methenyl alcohol (CH)'"(OH)„ and ethe- 
nyl iJeohol (C2H3)"'(OH), are unknown. But most natural faktE 
are the ettken at propenyl, or glyoerides. E.g. palmitin 
(CaH5)"'(OC,eH,iO.), is palmitate of propenyl. When boiled with 
3K(0H) = pahnitate of K 3[(C,«H,,0(0K)] and glycerin. Tlie 
same result in saponification. Glycerin made oiiginally by heat- 
ing olive-oil (OLEATE OF propenyl) with LEAD-OXIDE and OH^ : 
'* lead-plaster " or lead oleate, as an insoluble soap is obtained, and 
glycerin. Now prepared, by action of super-heated steam upon 
stearin or btbarate of propenyl (C,H5)"'(OC,gHggO), + 3 
WATER = glycerin (C,H5)'"(OH)8-|- stearic acid 3[C,8H„0.0HJ. 
Glycerin is a colorless, viscid liquid, of sp. gr. i . 27. In form of 
crystals, it melts at i5°.5 C. Very sweet, does not ferment, but 
with yeast, gnidually, into propionic acid. Heated, it volatilizes 
In part, slightly darkens, leaves no residue, and evolves pungent 
rapors of acrolein. As ethyl alcohol by O, into aoetio 
acul CH3.COOH; ETHENE GLYCOL -f- O, into glyoollic acid 
CHjOH.COOH. so also glycerin by O, into glyceric add CjH^O^ 
and WATER. Treated with concentrated NO^OH, into olonoin 
or nitro-glycorin CH^ONO,).CH(ONO,).CH,(ONO,), a heavy 
oily liquid. Explodes by percussion. Sulphoglyceric acid 
G,Hg(OH),603. Fhospho-olyceric acid in the brain and in 
y^ of eggs. Monatomic hydroxyl acids when heated in sealed 
tubes with glycerin, form water, and compound ethers. Tlius : 
MON-ACETiN C,H5(OH),002H,0 ; di-acetin C,H4(0HX0C,H,0),: 
tri-acbtin C,H5(OC2HsO)8. Olycerides thus produced. The 
hydrogen acids can only remove up to two atoms of OH. Thus : 
monochlorhydrin G3Hj(OH)2Gl and diohbrhydrin G,H«(OH)0l,. 
Only by PGl. can we obtain tzichlorhydrin GjH^Gl,. 'i'hus: 
G,H3(0H)C1, + GI3P = POGl, -{- GIH + CsH^Cl,. [BrH like 
GIH. IH differently ; GeH,„02(06)I. Epi-ohlorhydrin GgH^OGI 
by treating dichlorhydrin with HOK. By heating the mono- or 
di-chlorhydrins with sodium alcohol, we obtain mon-ei'HYLik 
G,H3(OH),C^3 and di-ethylin GjH.COHXG^j),. Poly-glyoe- 
rins also exist.] 

Allyl compounds. Allyl alcohol GH2.GH.GH2OH = GtH.OH. 
Golorless liquid, of pungent odor. Very soluble in alcohol, ether 
and water. Boils at 103° G. Inflammable primary alcohol. 
Pr&p. from allyl oxalate GjOsCOOfHa), by 2H,N = oxamidb 
G^OsCH^N), + allyl alcohol. Allyl iodide C^K^h is a Uquid of 
sp. gr. 1.78; bofls at 100° G. Prep, by distilling propenyl 
alcohol with phosphorus tetriodide. Thus : iKGjHJ'XOH),] + 
^ih = I2 + 2P0H(0H), -f allyl iodide 2G3H3I. Treated with 
silver oxalate GjO^COAg)^ yields silver iodidb Agl and allyl 
oxalate. By treatment with phosphoric anhydride, allyl alcohol 



ACROLEIN AND ACRYLIC ACID. LACTIC ACID. 103 

gives allylene C8H4. Oxygen (by platinam black, or better by dis- 
t Illation with potassium di chromate and sulphuric acid) produces 
Acrolein or aorylie aldehyde GgHfO, and aorylio add C3H4O2. 
AcROLBiN CHj-CH-COH, is a thin, colorless, volatile liquid, 
ligliter than water ; boils at'$2°.2 C. Its vapor is fearfully irri- 
tating. By nascent Hj into allylic alcohol. With H3N into OH, 
and acrolein-aniiuoniu. Acrylic acid is the flrst of the acrylic 
series, of the general formula CHj^-^O,. Acrylic acid 
CjHjCOOH = CjH^O,. Colorless liquid of pungent, aromatic 
odor, soluble in water. Melts at 7°C. Boils at i?v°C. By 
nascent H, into propionic acid. [Crotonic acid CgHaCOOH = 
C4H,02. Angelic acid C4H7COOH = C^Ufi^, in the root of 
Angelica Archaiigelica. HvpOGiEic acid CisHj^COOH = CieHj^jOg, / 
as a glyceridti in ArdchU hypogxa."] [Oleic acid C|.H„COOH 
= G13H34O2, belongs to the acrylic series. Obtained by the sa- 
ponification of olein or ter-oleate of propenyl, the fluid portion of 
most oQs and futs. Olein (CsH^XOOigHssO),, best exemplified by 
olive oil, which, below 4° C, deposits solid palmitin. Oleic 
acid crystallizes in white needles ; melts at 14° C. Sp. gr. o. bQd. 
Neutral to test-pnper. Insoluble in water. Oleates.] Allyl 
cyanide ONCgHj, is found in oil of mustard. Iso-cyanide of allyl 
NOCjHs, formed by digesting allyl iodide with silver cyanide. 
Allyl inlpho-oyanide NGSCsH^, chief constituent of oil of mus- 
tard. £xcites to tears. Boils at 1 48° G. By H3N into thio- 
jrinamiTi or allyl ralphonrea GS(H2NXNH.G8Ha). Allyl sulphide 
S(G3Hj),. In AUium saiivum. 

Among important tri-car)ton compounds, belongs lactic acid, 
of the same series as glycoUic, or ozy-acetic add. [r. Garbonic 
acid G0(0H),. 2. (iLYCOLLic ACID GH,OH.COOH.] 3. Lactic 
add G,H«03, or oxy-propionic acid (GjHJ'XOHXGOOH). 
Two Modifications. Ordinary lactic, or methyl-lactic add 
GHj.GHOH.GOOH = CsH^Os. Golorless syrup, of sp. gr. i . 2 1 5 . 
Very sour, and soluble in water, alcohol, and ether. Inactive in 
its relations to polarized light. Lactates. (G3Hs03)2Ga,50H2. 
Nodular group of needles, soluble in 9.5 parts of water. 
(G3H503)2Zn,30H,, slender needles, soluble in 5 b of cold water. 
When lactic acid heated, forms anhydride, or lactide G3H4O2, 
and di-lactic add CfHifi^. Lactyl chloride G3H4OGI2 = 
C2H4GI.GOGI. Golorless liquid, by water into GlH and chloro- 
propionic acid. Prep, of iso-lactic acid. By iermentation : 
GLrcosE GsH|20, = 2 lactic add. Lactose G12H22O11 + ^^2 = 
4 lactic add. — By oxydation of propene glycol. — By contact for 
gome days of GH3.COH + GNH + GIH -f 2(0H,) = GIH.N + 
lactic acid. — By HNO, upon amido-propionic acid or alanine. 
By moist HOAg on chloro-propionic acid GH3.GHGI.GOOH. 
(And lactic acid by 2IH into propionic aii 1.) — Sarco-lactic, para- 
laotio, or ethene-laetic add G2H4.OH.GOOH, exists in muscular 
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flesh. Turns the plane of polarization to the left. Galcitth 
PABALAOTATE, 40Hj, is soliihle In 12 of cold water. Zmc paba- 
J-.ACTATE, 20Hj, in thick, shining prisms, soluble in 17 of cold 
water. Heated to 1^0°, paralactic acid yields dilactic acid, 
changed by water into iso-lactio or ordinary lactic acid. 

IV. Tetraoarbon group C4. Butane C^Hjo leries. 

Butane or Quartane C4H,o. As normal (diethyl), CB^-CH,- 
CH2-CHg a colorless gas, liquid at 0° 0. In petroleum. By 
heating 2IO2H4 + Zn =l2Zn + C^H^o- ^ iso-butane (CHXCH,),, 
a gas, liquid below — i7°C. Butyl or tetryl aloohol is pbopyl 
cabbinol CH,.CH,.CH2.CHjOH boils at ii5°C.. lighter than 
water, and but little soluble. Prep, from butyl ohlobide 
C,H«C1 4- CH3.OOOK = CIK + CH3.0OO(04H,). Then : 
2[CH„COOC4HJ + (OH),Ba = (CH,.COO),Ba + CAOH. 
Also from buttbio aldehyde CHg.CH^CHjCOH, by nascent H,. 
Also from pbopenyl nttbile CgH^CN by nascent H, into butyl- 
amin O4H9H2N ; the latter into butyl nitbite by NOOH, and 
distilling the nitrite with HOK. By oxydation into but3rrio aoid 
CH,.CHj.CH2.000H. [i. Fobmio acid H.COOH. 2, Acetio 
ACID CH3.COOH. 3. Pbopionio acid CHj.CHjCOOH.] 4. Bu- 
tyric acid CH3.CH2.CH2.COOH. TJiis acid in juice of muscle, 
,in perspiration ; as butyrin or propenyl butyrate in butter. A 
viscid liquid, of rancid odor, easily soluble in water and in 
alcohol. Sp. gr. 0.958. Solid at — 12° C; boils at 163° C. 
In fermentation of lactose, in presence of chalk, first calcium 
lactate, and then with evolution of 200, and 2H2 into calcium 
butyrate. 2C3He03 = 2CO2 + 2H, + butyric add C^HgO, 
= C4H7OH. Calcium Butybate, OH,, shining scales, less 
soluble in boiling water. Ethyl butybate C4H7OO.O2H5. Pbo- 
penyl NiTBTLE CaHyON, by heating with HOE, + OH, = H3N -f 
potassium-bdtybate CHj.CHaCHj.COOK. [Iso-butyl alcohol 
CH3.CH,.HCOH.CH3, in fousel oil. Soluble in 10} parts of 
water. Boils at 110° C. By oxydation into iso-butybio acid 
CH(0H,)2COOH. Secondaby butyl alcohol or methyl ethyl 
alcohol CHJC2H4.CHOH, a colorless oily liquid, of burning 
taste and pungent odor. Sp. gr. 0.85 ; boils below 97°C. At 
250° C, into OH, + butene 04Hg. Prep, from secondary butyl 
iodide by HOAg.l 

[Erythrite C^a.^(OK)^ or phyoite G4H10O4, is the tetratomio 
alcohol from which secondary butyl iodide is prepared by heating 
it with 7IH = 4OH, + 3I2 + C(CH3XO^H4)Hr. A sugar, orya- 
tallizing in transparent prisms, readily soluble. Is found iti 
Protooocous vulgaris. Tertiary butyl alcohol C(CH,)gOH, 
in rhombic prisms, melting at 29^.5 C. Boils at 82^.5 G. By 
oxydation into acetic acid and acetone. Prep, GH,G0G1 4- 
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(0H3),Zn = ZnO +C(CH,)3C1. Then: C(CH,),a+OH,=ClH 
+ C(CH.)30H.] 

. Malio acid C2HjOH(COOH)2=C4He05. Oxt-sucoinio acid. 
Already seen at p. 99, that in ordinary succiaic acid, CH, can 
exchange both atoms of H for OH, and thus, from mono-bromsuc- 
cinic acid we obtain by AgOH, silver bromide and malic acid. 
Naturally in many acid fruits; apples, gooseberries, Sorbtu 
OMCwparia, Rumex, &c. Tri-atomic ; di-basic. Colorless prisms, 
deliquescent Also soluble in alcohol. Loses OH, at 130° C, 
and at 175° G. into maleic acid G4H4O4 and fumabic acid 
C4H4O4 or (CHCOOH)j. pPumaric acid into succinic acid by 
nascent H,.] By reducing agents into succinic acid. Acid and 
neutral salts. Lead malatb insoluble in water. AuMOinuM 
acid iLALATE in Crystals. Calcium malate sparingly soluble : 
acid salt, crystallized from nitric acid ; with BOHj. Asparagin 
C,H3(HsN)C0JEI,N.C00H is the amide of malic acid. In 
asparagus, marsh-mallow, &c. In lustrous, rhombic prisms 
CfHgKjOsyOHj. Insoluble in alcohol and ether. By fermentation 
into ammonium succinate. [Aspabtio acid CHCH^NXCOOH), 
CH2.COOH may be regarded as amido-succinic acid: by 
NO(OH) into Kalio add, + N, + OH,.] 

Tartaric add C2H2(OH)2(COOH), = G4H,0e. Tetratomio and 
dibasic. Dbxtbo-tabtaric acid 1b the acid of grapes, tamarinds, 
pine-apples, &c. Transparent, mono-clinic prisms, very soluble 
in water and in alcohol. Sour : not corrosiye. Melts at 1 35° C. 
and at 1 70^ C. into inactive mesotartaric acid. Heated to 204° C. 
it loses OH, and becomes anhydride C4H4O9. Chars ; evolves 
smell of burnt sugar, carbonizes and bums away without residue. 
With 2KOH = C2O2.OH.OK + CH,.COOK -*- lOK^. Dissolves 
¥e^OH.\, and dries to brown, glassy substance : not precipitated 
by ammonia. Potassium tabtbate C2Hj(OH)2(COOK)j, very 
soluble. By neutralizing the acid salt with COCOjCa) as in the 
preparation of the acid : Potassium acid tartbate CgHjCOH), 
OOOH.COOK, is Cream of tartar. White gritty powder, 
requiring 1 80 parts of cold and 6 of boiling water. Argol, De- 
composed by heat, carbonizes, inflames, and leaves C0(0K)2 and 
charcoal. KOH and NHg in solution, a4iid remaining in exces^y 
give characteristic, white, crystalline precipitates of C4H4O4 
(OHXOK) and C4H404(OHXOH4N), respectively. Rochdle salt 
is C4H404(ONaXOK),4aq. In large transparent rhombic prisms, 
soluble in I j[ parts of water. Calcium tartbate is insoluble : 
lime-water precipitates tartaric acid. Tartar emetic 2[C4H404 
(OSb)OK],OH„ in rhombic ociahedra, soluble in 15 of cold and 
3 of boQing water. Also with (OAs) instead of (OSb). The 
basic hydrogen of hydroxyl in tartaric acid is displaceable by 
one or two alcohol-radicles. Bacemio or paratartaric add crys- 
tallizes with one mol. of water, in rhombic prisms. No action 
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on polarized light. In the grapes of the Yosges, and of the 
Upper Rhine. Artificially by boiling dibrom-sucoinic acid 
C2H2Br2(COOH)2 with 2Ag(0H). ; it is, however, mixed with 
inactive tartaric acid. 

y. Fentacarbon G^ gronp. Fentane O5H12 series. 

Fentane or ethyl propyl C5H12 = CjHj.CaH;. In petroleum. 
A liquid of sp. gr. 0.6, boiling at 3 7° C. [Also isopentane.] 
No less than eight pentyl alcohols. Butyl carbinol CHj-CHj. 
CH2CH3CH2OH is the nonnal primary pentyl alcohol. From 
normal butyl alcohol, a. into CH2.GH2-CH2.CHs.CN; h. into 
CH2.GH2 GH2.GH3.COOH ; c. into valeric aldehyde GH2.CIH2. 
CH2.GH, COH, a limpid, pungent fluid, of sp. gr. 0.82, boiliiig at 
96° 0. ; and d. into the alcohol by nascent hydrogen. Boils at 
1 3 5° 0. By nascent oxvgen into propyl-acetio or normal valerio 
acid 04H».C0OH, the 'fifth of the fatty acids. Oily liquid, of 
sp. gr. 0.957 ; boils at 185° C. Smells like butyric acid. Iso- 
butyl carbinol CH.(CH8)2.(C2H40H) is the common amylic 
alcohol of fermentation, known as fousel-oil. Oily, colorless, 
mobile liquid, of peculiar odor, and burning acrid taste; 
sp. gr. 0.825 ; boils at 130° C. Little soluble in water; very 
soluble in alcohol and ether. Exerts rotatory action on 
polarized light. Burns with blue flame. By platinum black 
or nascent Oxygen into iso-valeric add CH2.CH(0H3)2.00OH, 
or common valerianic acid. In root of Valerian, Angelica, the 
berries of Vibumwm Opvlus^ &c. Colorless liquiH, of sp. gr. 
0.947, boiling at 175° 0. Odor of valerian. Bums when 
inflamed. Iso-valerates of zinc and bismuth used in medicine. 
iBo-pentyl chloride is an inflammable liquid. Iso-pentyl iodide 
CH.(0H3)2.02H4l, heated to 290° C. in sealed tubes, yields 
decane or diamyl CsHn.CsH^. Zinc-amtlide (CjHi,), Zn 
formed at same time, changed by OHg into OZn -f 2 mols. of 
pentane. Amyl-ether CsHii.O.GsHu; colorless oily liquid. 
Amyl acetate, fragrant liquid, with odor of Jargonelle pears. 
Iso-pentene or amylene C5H10, is a colorless, mobile liquid, 
obtained from the iso-butyl alcohol by distilling with GlsZn, or 
Vfiy Iso-pentene glycol C4H,o(OH)2, is the only amylene 
glycol known. Prepared from the acetate, like the other glycols 
(p. 96), by distilling with Ba(0H)2. Iso-pentenyl alcohol is 
amyl glycerin (C^HaXOH),. Dense, colorless liquid, of aromatic 
taste. Soluble in water. 

[Pybo-tartartc acid or methyl-snccinic acid CHj.CH. 
COOH.OH2.OOOH, by dry distillation of tartaric acid, and by 
nascent H, upon itaconic, citraconic, and mesaconic acids. 
8mall, rhombic prisms, by loss of water into tartaric anhydride 
(p. 105). 

Uric add and its derivatlYes. Ueio aoid (jfiJEifi„ a white 
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crystalline powder, without taste or smell. Bequires lo.ooo 
parts of water for solution. Insoluble in alcohol and ether. 
Soluble without decomp(>8ition in hot oil of vitriol. In the urine 
of men and animals ; o. 03 7 per cent, in human urine. Serpent's 
dung consists of uric acid and ammonium urate. In destructive 
distillation, uric acid yields CO^, ONH. ONOH, 00(0H,N)2 and 
a coaly residue rich in N. Di-basic. C5H2K4O.OH.OK) requires 
500 parts of cold water. Sodium urate constitutes **cnalk- 
stones.'* Ammonium urate requires 1000 parts of water for 
Solution. When uric acid is evaporated with NOgOH, a deep- 
red tint is produced, which becomes purple with H3N (mnresid 
C8H4(H4N)N'50e). On heating uric acid with hydrogen iodide, 
-I- 5 OH,, it is resolved into glycocin, +3CO2 + 3H3N. Allozan 
G4H2N,04,40H2 in rectangular prisms, anliydrous at 150° G. 
By the action of strong nitric acid upon uric acid, urea is 
formed, but decomposed by the nitrous agid : C^'B.JSflf + 
OH, + O = C4H2N2O4 + OOCNH,),. it may be regarded as 
MESOXALYL-UREA, iu which mesoxalyl (OgO,) takes the place 
of H,. It stains the skin red, and gives a blue color with 
ferrous salts. Boiled witii 2H,N = 2OH2 + mycomelio aoid 
G4H4N'40,. With dilute acids, into oxalio aoid and urea. Its 
aqueous solution when boiled : 304H2N,04 = alloxantin 
G8H4N4O7 -h parabanio aoid OjHgNjOa + 00,. Allozanio aoid 
G4H4N,Oa, on boiling with water, -f OH,, is resolved into urea 
00(il,N), + mesoxalio acid GjOgCOH), (p. 99). Mesoxalio 
acid + H, = TARTRONio Aom C3H40a = CH.OH(0OOH)„ a 
tri-atomic and di-basic e^sid, in the same series as malic acid 
GH.OH.COOH.CH2.COOH. Parabanio aoid GaHjNjO, = 
OO.'XHN.CO), or ox^lyl-urea, is formed by the action of 
nitric acid, and heat upon alloxan or upon urio aoid: 
0,H4N40, + O, + 2OH, = 2H,N + 2OO2 + G,H,NjO,. It is 
di-basic. In presence of alkalies, it takes up water, and is 
changed into oxalurio acid 0,114X204. When parabanio acid 
is neutralized with H^N and boiled, ammonium oxalurate is 
deposited in crystals on cooling. Alloxantin GgH4N407, 3 OH,, 
is a produrt of the reduction of alloxan. 2G4H2N2O4 -j- SH, 
= CNE[, + 3-1- C3H4K4O7. Small colorless prisms. Prolonged 
action of hydrogen sulphide upon alloxan gives rise to dia- 
Inrio aoid G4H4N2O4. Easily accomplished by moist sodium 
amalgam. Dialnrio aoid may be regarded as tartronyl-nrea 
0404(H2K)2. Pnrporio aoid OgH^N^^Oe as Ammonium fur* 
furate OgH4(H4N)N50g, or Mnrezide, is easily formed by 
heating dry alloxantin with 2H,N at 100° G. Thus : C8H4N4O, 
+ 2H,N = CgH4(H4N)N50g,0H,. Small square prisms, of 
'green metallic lustre, little soluble in water. Allantoin 
G4H0N4O3, in brilliant prismatic crystals, soluble in 160 parts of 
cold water. Gontained in the allantoic fluid of the foetal calf. 
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Artificially by boiling nric acid with lead peroxide and water : 

2C5H4N40a 4- O, + sOHj = 2 UREA + 2 OXALIC ACID + 

G4H«K403. Thionnrio add C^H^NsSOe, as ammonium thionxj- 
RATE is obtained when a solution of alloxast C4H2N2O4 is 
mixed with a slight excess of SCXOH), : then ammonia and 
ammonium carbonate are added, and the whole boiled. When 
thionuric acid is boiled with water + OH, = S0j(0H)2 + 
nramil C4H3N,0,. Then: uramil C4H4N,0, + alloxan 
C4H,Nj04 4- AMMONIA H,N = mnroxid 08H4(H4N)N4Oe.OH«- 

YL Hexaoarbon C« group. Heza&e OJBLn series. 

Eexane O0H14 or di-propyl. Occurs as normal CHs.(GH,)4CH, 
in petroleum. Boils at 70° G. Prom normal propyl iodide by 
sodium. Or by 2CIH + Zn on secondary hextl iodide. Iso- 
hexaae, or froptl-dimethyl-methane, boils at 62° 0. Methyl- 
butyl carbinol or primary hexyl alcohol 0«Hi,.OH = 
CH3(CH2)4CH20H. Liquid of strongly aromatic odor. Sp. gr. 
o.b2 : boils at 156.6° C. The essential oil of HercLdeum gigar^ 
teum is a mixture of hexyl butyrate and octyl acetate. Caproig 
aldehyde CH3(CH2)4C0H. Caproio add or pentyl formic 
acid GH,(CH2)4G00B. The sixth of the fatty series, of which 
formic acid H.GOOH is the first. Clear, mobile liquid, of pun- 
gent sudorific odor. Sp. gr. 0.895; boils at 205° C. Con- 
tained in perspiration ; as a glyceride in butter, and largely in 
cocoanut-oil. Artificially by heating normal pentyl cyanide 
CH3(CH2)4.CN with KOH solution. Hexene glycol C«Hij(OH), 
= CH20H.(GH2)4.GH20H. Boils at 207° C. Secondary hexyl 
alcohol or methyl-butyl-carbinol GH,.G4E9.GH0H, is a viscid 
liquid, of pleasant, refreshing odor ; boils at 137° C. By CIH, 
into chloride, and water. Prepared by treating mannite 
CeHgCOH)^ with strong HI, we obtain 6OH2 + 5I2 + secondary 
hexyl iodide CgHijI. The latter, with AgOH gives Agl + 
GH,.G4H9.GH0H. When oxydized, into methyl- butyl-ketonb 
CHs.CO.C4Hs. Hezene C6Hj2 is obtained from this alcohol. 

The hexatomic alcohols and ethers must be included in tbia 
group. Mannite CeHg(OH)e, in four-sided prisms, easily soluble 
in water and alcohol : not in ether. Melts at 166° C. Made 
from manna, an exudation from the ash. Also oontained in 
mu^h^ooms, onions, celery, asparagus, and in various sea-weeds. 
Glucose also by nascent Hj into mannite. By oxydation with 
Platinum black, into mannitic ACip CH20H(CHOH)4COOH ; 
and further by nitric acid into saccharic acid (CH0H)4(C00H), 
and OXALIC acid. By fuming N02(0H) into nitro-mannitb 
CgHg(N02)flO«. By hydriodic acid into secondary hexyl alcohol. 
Dulcite is isomeric with mannite. A sugar imported from 
Madagascar. Melts at 182° C. Yields mucic acid by oxydation 
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with nitric acid. Sorbite contains water of crystallization 
2[C«Hg(OH)J,30Hj. Melts at Tio°C. None of these sugars 
ferment with yeast, or reduce alkaline cupric solutions. Finite 
and QUERCiTE, are sugars isomeric with mannttan CeH80(OH)4. 
Oluoose OqHijOs, is the aldehyde of mannite, into which it is 
changed by nascent hydrogen. Dextrose is the common 
glucose or grape-sugar, — ^the sugar of fruits. It requires i . 224 
parts of. water for ite solution, and is therefore less sweet than 
8UOKOSE. It crystallizes as CsHijOeiOH, in granular masses. 
Kawiily loses tliis water, and at 170° 0. into GLroosAN C^H^fi^ 
4- OH2, which does not ferment, and is scarcely sweet. Solution 
of dextrose, reduces solution of cupric salts, when rendered 
alkaline, and with sulphuric acid forms sulpho-saochabic acid 
CjHijOaSOj. Reduces also salts of Ag, Hg and Au. — CaO, BaO, 
and PbO form compounds with dextrose. Unites with NaCl. 
Browns with KOH. With yeast at 24° C. undergoes vinous 
fermentation : C«H,jOe = 2C*0j + 2[CjH4(OH)]. In dial)ete8 
abnormally; in the blood, albumin of eggs and in the urine, 
normally in minute quantities. Artificially, dextrose prepared 
from STARCH C,,Hj<,0i4 by diastase, or boiling with dilute sul- 
phuric acid. First into dextrin and dextrose : > CigHgoOj^ + OH, 
= 2(CJ3.ifl^) 4- OeHijOg. By further OH,, dextrin into dextrose. 
Laevnlose GeHijO,, in houey and many fruits, with dextrose. 
Fruit-sugar is a mixture of the two : also called invert sugar. 
Very sweet, uncrystallizable syrup, very soluble in alcohol. Its 
calcium compound is solid, and separable from dextrose ; then 
decomposed by GO,. Also formed by dilute sulphuric acid and 
heat from sucrose. (Laevulosan GeHioOg is the anhydride or 
oxygen ether. From sucrose by heat at 160^ G. -= dextrose 
GfHijOs + LAEVULOSAN, wktch does not ferment. Inosite G^Hj^O^, 
in prisms, resembling iSelenite. Not fermentable. In the 
muscular substance of the heart, and other organs, in beans of 
various kinds, and in lentils, &c. Galactose GoHijO^, also 
resembles dextrose, and is obtained from lactose, by heating 
with dilute sulphuric acid. Glucosides contain glucosan; 
formed by heating for a length of time, glucose with various 
organic acids, and elimination of water. Sucrose G12H22O1, is a 
dirglnoosio alcohol. 2GeHi208 - H^O = C^^fin- Ghiefiy 
from Scuscharum officinarum. Also in almonds, nuts, coffee- 
b^ms, most sweet fruits, &c. As sugar-candy, in 4-8ided, ob- 
lique-rhombic prisms, with di-hedral summits. ** Syrup '' boils 
at 110° G., but reduced to 65°. 5 G. in vacuum-boilers. Melts 
at 160*^ G. Barley-sugar is amorphous sucrose. Very sweet, as 
it requires only one-third of its weight of water for solution. 
Antiseptic. By long boiling, -{■ HjO into laevulose : quickly, by 
dilute acids. SO4IL,, decomposes sucrose, with separation of 
carbon. Easily oxyolzed; hence a reducing agent. Does not 
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brown with alkalies, nor does its solution reduce cuprie bbMa ia 
presence of EOH. Heated to i6o° G. into dextrose C^H^fi^ 
and LAEVTLOSAN CeH^o^s • ^t 2io° C, iuto caramel C,2H,gO, + 
2HjO. By dilute nitric acid, at 50° C, + jO, = HjO + sac- 
CHABic ACID (GHOH)4(COOH)2 : at a boiling beat into oxalic 
Aon> GjOjCCOOH), (p. 98). Dissolves GaO, and forms calcium 
oompoundB; also with GlNa. [Xelitoee G^H^jOn.^OH,, from 
the manna of Eucalyptus.] Laetose GisHj^Oi^OHs, is milk- 
sugar. From whey, in white, translucent four-sided prisms of 
greut hardness. Bequires five to six times its weight of water 
for solution: insoluble in alcohol and ether. Bight-handed 
rotation, like dextrose. Beduces cuprie salts. By dilute BO^H,, 
into dextrotto. Forms a crimson solution with oil of vitriol. 
With dilute nitric acid into mucic acid G4H4(OH)4(COOH)j, 
soluble in 66 parts of boiling water. Gradually fermente 
with yeast With cheese or glutin, into methyl- or ordinary 
laetio add GH3.GHOH.GOOH = G.HeO, (p. 103). Trehalose 
GijHjjOij.iOH^ from Trehala manna. Myooee C,jHj20,„0H„ 
from ergot of rye, resembles trehalose. Both are very soluble 
and very sweet.— Starch GigH,oO,a, may be reo:arded as the 
anhydride or oxygen-ether of a triglucosic alcohol. From 
3C«H,20a minus 3 OH, = GigHjoO^. Starch, fecula or amyliim 
is most abundantly di£fused through seeds, roots, tubers, 
stems, &c. Varieties of starch. SagOf from the pith of a 
palm. Tapioca from Jatropha Manihol. Sdlep from Orehit 
mascula. Arrowroot from Maranta arundinacea. A very dilute 
solution of sodium hydroxide is employed in removing the 
glutin from rice, aud leaving the starch. Soft white, gli&tening 
powder, destitute of crystalline structure, made up of little 
rounded and flattened grains, upon each of which a series of 
depressed parallel rings surrounding a central hilum may be 
traced. Dififer in size and shape; largest in potato-starcb, 
smallest in rice. Insoluble in water, alcohol and ether. Heated 
with water above 60° G., the granules swell, burst and form a 
gelatinous mass (anddin), precipitated by aiumoniacal lead 
acetate, by infusion of galls. With free iodine, starch fi)nns a 
blue compound : the chief test Heated to 204-° G. into dextrin 
GsHioO^, which is used as a substitute for gum arable. When 
boiled with very dilute sulphuric acid, first by OH,, stckrch is 
changed into 2 of dextrin and i of dextrose, and the dextrin 
by further boiling altogether into dextrose G^HisO,. Glycogen 
GeHjoOj, is a starch-like substance obtained from the liver of 
many animals and from the muscles of foetal calves. Soluble 
in water; solution opalescent. In^luble in alcohol. Innlin 
GgHioO^, in Inula, Leontodon, Golchicum, Dahlia tubers, &o. 
Colored brown by iodine. By acids into laevulose. Not preci- 
pitated by lead acetate or iufusion of galls. CelloloM C^fi^O^^, 
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IB the basement'tissue of vegetables. Porous in pith ; dense in 
vegetable ivory. Tasteless, insoluble in water and alcohol, 
unaffected by boiling water, as will be understood by the remem- 
brance uf the nature of linoa and cotton, which may be regarded 
as cellulose. By strong sulphuric acid into dextrin, and by 
subsequent boiling with water into dextrose ; the acid removable 
by chalk, and filtration from S04Ga. Cellulose is not colored 
by ioiiine, aul is soluble in ammouiated solution of Gupric oxide. 
By strong NO,OH, into pyroxylin or^gnnootton C,8H2,(NO,)pO,5, 
insoluble in mixed alcohol-ether. Another variety C,gH22(N02)gO|5 
is soluble in alcohol-ether. Yet another 0|sH2|(NO2)7O,s, is 
soluble in glacial acetic acid: the two last uaed in making 
collodion. Reducing agents replace the hydrogen. Arabin, 
GifH^gOjotOH,, as in gum arai)ic, is isomeric with sucrose. 
Soluble in cold water, it is precipitated by alcohol. White or 
pale-yellow, non-crystalline, of smooth conchoidal fracture. It 
18 not precipitated by ;ieutral lead acetate. Mnoilage resembles 
arabin, but is not precipitated by lead acetate. Onm tragaoanth 
id not soluble in water ; chiefly composed of bassorin. Ceraain, 
from Prunua Cerasus, resembles bassoiin. [Peotoae is contained 
in the pulp of unripe fleshy fruits, fleshy roots, &c. It is 
insoluble in water, and changed by acids into soluble Pectin 
GsjH^gOs,, such as is contained in ripe currants, gooseberries, &c., 
and causes the formation of jellies. {Separable by alcohol from 
solution.] 

To the gluooddeB beloxig certain bitter, crystalline sub- 
stances, diflused through vegetable kingdom, which, by boiling 
witli dilute acids or alkalies (+ OH,), change into gluoose and 
some other substances. Salioin Ci^HigO,. White needles, of 
bitter taste in bark of Salix, Populus, &c. By SO4H2, deep red. 
By EMULSION, + OHj = Glucose GflH,,Oj -i- Saligenin G,HgO,. 
When dititiUed with SO^Hj and GrO„CrO,(OK)„ it yields 
SALICYLIC ALDEHYDE GeHfOH.GOH. Helioin GjsUieOp crystal- 
line bitter. By dilute NOjOH upon salicin GijHigOy. Aloin 
Gi^HigOj, yellow needles, the active principle uf aloes. Amyg- 
dalin GjoUj^NOnjjGHj in white, inodorous, slightly bitter 
scales. Thus by synaptase or emulsion, a species of diastase : 
2G,oH„NO„ = GLUCOSE OeH„Oe + 2GNH -f 4OH, + 4HGOOH 
-I- 4G«HsG0H. Fopnlin CiJH.i^C,Kfl)Oj accompanies salioin in 
bark of the aspen. Aeaculin G21H24O1,, crystalline and fluores- 
cent. Phlorizin G2iH240io,20H2, silken needles. In root-bark 
of the cherry, apple, &c. By dilute acids -f OH, = gluoobb 
CgHjaOj -f PHLoRETiN GisHmCj. Glyoyrrhirin Cz^K^tO^, un- 
crystHllizable sugar of liquorice. Does not ferment. Hyronio 
add GioHi9NS,0,o as potassium mybonate in black mustard- 
seed. By myrosin, into glucose GeHijO^, potassium hydroxyl 
SULPHATE SOsCOHXOK) and sulphooyanide of allyl NGG^H^S 
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(p. T03). Chitin C,H|,NO«, forms the elytra and integnments 
of insects, and the carapfloes of crustaceans. By 2fi[,0 = 

CeH,jO. + LA(.TAMIDE CjH^CHjN)©^ 

This benzene-deriTates may also be considered under the 
Hexyl-group. Tlie hydro-carbons of this series C«H,,«,, the 
aromatic group, are analogous to the paraffin series of the 
fatty group. 

Benzene, Phene or phenyl hydride G^B.JH.=Cfi„ a colorless, 
limpid liquid, of sp. gr. 0.885 ^^^ ethereal odor. Boils at 
80^.50. Solidifies at o^ G. Soluble in alcohol and ether. A 
great solvent of fats, oils, resins, sulphur, phosphorus, &c. At 
a bright-red heat, in absence of air, into H, -f- CjH, + diphentl 
C12H10, &C. Is contained in the more volatile portions of coal- 
tar oil Also by heating benzoic add OeH^.OOOH with CaO 
= COCOjCa) + CgHe. Unites with 3CI, to C,H.C1,, a crystal- 
line body. Also with 3CIOH to CeH.(C10H), : by potassium 
hydroxide into 3GIK -h phenose CeH^O,. Kono-chlorbenzene 
O^HjCl, liquid of i . 128 sp. gr. By C1»P upon phenol C«H,0H. 
Cyano-benzene CfH.GN is phenyl cyanide, an oily liquid. 
Also '* benzo-nitrile, and obtained by dehydration of ammonidc 
BENZOATE G0U5.GOOH4N. Kitro-benzene GsHsCNOs), yellow 
liquid of aromatic odor. Substitute for oil of bitter almonds in 
perfumery. Bi-nitro-benzene GeH4(NO«)2, in long rhombic 
prisms. Separates, on cooling, from alcoholic solution of both. 
Amido-benzene or Fhenyl-axuin is Anilin GeH^CHjN). Golorless, 
oily liquid, of sp. gr. 1.036 ; boils at 184^.5 ^* Soluble in 31 
parts of cold water. Browns on exposure. Stains deal yellow. 
With GljOCa, in aqueous solution, violet. Powerful base. Prep. 
a. by lioiling indigo with KOH solution : G9H5NO + OH, 
4- 4KOH = 2GO(OK)2 + CeHsCH^ + 2IL. The name from 
Indigo/era anil. b. On the lar^e scale by reducing nitb«>- 
BENZENE GeHj.NOg. Thus : GeH^NOj + 3H, = 2OH, + CeH^, 
HjK. c. by heatinj? phenol GqH^.OH, in sealed tubes with 
H,N = OH2+ CeHa-Hjlf.— Di-phenylamin (CeHa)2HN. A 
weak base : crystalline. By heating phenylamin hydrochloride 
with phenvlamin. Tri-phenylamin (GoHg),N. — The anilides 
contain acid radicles. Thus: acetanilide GeHg.H2N.G2H,0. 
Obtained bv heating anilin with acetic acid. Phenyl-carbamide 
CO(H2NXCeH4HN) is phenyl-urea. By passing cyanic acid 
vapor into anilin. Fhenyl-phosphine GeH^HjP. Benzene-snl- 
phonie acid GfHg.SO^H, by heating benzene with oil of vitriol. 
I. Phenol or phenyl aloohol GgH^.OH, is commonly known as 
carbolic acid. It is a monatomic alcohol. Grystallizes in 
colorless prisms, of sp. gr. 1.066. Melts at 40° G. : boils at 
18 1^.5 0. Burning taste, antiseptic, poisonous. Soluble in 15 
of water : colored violet by GlgFej, and stains deal of a blue 
color. Precipitated by aqueous Bromine. With oil of vitriol, 
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PHENOi^ULPHONic ACID OgH4(OH)SOaH. Obtained from the 
acid portion of coal-tar-oil. Also by heating salicylic acid 
CeH4.OH.COOH = CO2 + OgH^OH. Also from phenylamin by 
NO.OH = N, + OHj + CeHg.OH. Potassium phbnate CgHs.OK. 
Phenyl hydrosnlphide C^Hs.SH, is a colorless, mobile, mal- 
odorous liquid, of sp. gr. i .07B. By P^j on CgHjj.OH. Phenyl 
sulphide (CoHs)2S, a colorless liquid, of sp. gr. ( . 12. [Nitro- 
phenol CsH4.N02-^^ i^ large yellow prisms. Di-nitro-phenol 
CsH3(N03)2.0H, in colorless plates.] Tri-nitFO-phenol CeH, 
(N02)8.0H, is known ab picric acid and oarbazotic acid. In 
yellow lamiuffi, of intensely bitter taste. Sparingly soluble. 
Yellow dye for silk and wool. A test for K. Prepared from 
phenol by action of NO2OH. [2. Pyro-oateohin CeH4(OH)2, is 
a diatomic phenol. In short square prisms, readily soluble in 
water. By heating methyl-pyrocatechin with IH = ICH3 
-h C8H4(OH)2. Hydro-qninone C«li4(OH)2, colorless, rhombic 
prisms. Qninone C0H4O2, golden-yellow prisms. Tetrachloro- 
quinone is Chloranil C«Cl402.] 3. Pyrogallol C<,H3(OH)3 or 
pyro-^llio add, is a tri-atomio phenoL Long, flattened prisms, 
very soluble. Melts at 115° C. At 250° C, with loss of OH.^ 
into metagallic acid C3H4O2. Its solution in KOH. absorbs O, 
browns, and may be employed for estimating O in air. Beduces 
salts of Au, Ag and Hg. Prep, by heat on gallic acid C3H2 
<OH),COOH. Bensyl alcohol CeH3.CH20H, is a normal aromatic 
alcohol. Colorless, oily liquid, insoluble in water. Boils at 
207° C. By Platinum black into benzoic aldehyde O3H5.COH, 
and by aqueous chromic acid into benzoic acid CgHj.COCOH). 
Benzoic ether is contained in' Balsams of Peru and Tolu. 
Prep. a. from bensaldehyde by H,. h. from benzyl acetate 
C3H3.CH2.OC2H8O + KOH = C2H3O.OK 4^ benzyl alcohol 
C^s.CHgOH.— Benzoic aldehyde C3H3.COH. known as *' bitter- 
almond oil." Colorless liquid, of agreeable odor. Sp. gr. i .05 : 
boils at 180° C. Soluble in 30 parts of water. Absorbs O and 
becomes changed into benzoic acid C3H3.COOH. Heated with 
KOH, H, set free, and potassium benzoate formed. With alka- 
line-hydroxyl sulphites, forms crystalline compounds. With 
sodium amalgam and water into benzyl alcohol CeH^CHjOH. 
With CI5P into benzal chlobidb C3H3.CHCI2. By H3N into 
hydrobenzamide, a neutral body, and this by boiling KOH into 
an isomeric basic compound amarine (C7H3)3N2. All aromatic 
aldehydes act similarly, and thus distinguished from the fatty 
aldehydes. SalioyUc aldehyde C3H4(OH).COH, iu flowers of 
Oil of meadow-sweet. Colorless, fragrant oil, of sp. gr. 1. 172. 
Somewhat soluble in water, and gives violet color with ferric 
salts. Heated with KOH into H, 4- potassium salicylate 
C3H4.OH.COOK. By nascent H2 into saligenin. Prep, by 
oxydizing saliqenin C3H4.OH.CH2OH, or its glnoofiides, salicin 

I 
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and populin (p. i t t). Also by chloroform on alkaline solution 
of phenol. CeH,.OH + CHOI, + OH, = 3CIH + C0H4.OH.GOH. 
Benioio aoid C«H«.GOOH. Light, flexible needles. Melts at 
120° G ; sublimes at 145° 0. Soluble in 200 of cold, and r^ of 
boiling water. Basic ferric benzoate is decomposed by CIH, 
leaving shiny crystals of benzoic -acid undissolved in the yellow 
ferric chloride solution. Calcium benzoate by heat, gives ben- 
ZOPHENOITB CflHj CO.CeHj, the ketone of benzoic acid, and 
CCXOjCa). Prep, a. by heating gum benzoin, benzoic acid 
sublimes. 5. by OH^ on benzoyl chloride O-HsCOCl. 0. by 
boilina: the nitrile with acids or alkalies ; CeH,CN + ^OBf, 
= HjN -f CgHs-COOH. d. by oxydizing bbnztl alcohol : 
CgHg.CH^OH + O, = OH4 -h C^HvOOOH. e. by oxydizing benz- 
ALDEHYDE CflHj.COH + O = CeHg.COOH. /. from bbqmoben- 
ZBNE by Na, + CO, =BrNa + CeHg COOKa. Benioyl ohloxide 
CgHsCOCl, colorless liquid of suffocating odor. By CI5P upon 
benzoic acid Benzoyl cyanide OeHaCOCN, by distilling tie 
chloride with CNK. In large scales. Bensoie o^de (071150)20, 
in oblique prisms, slowly by boiling water into benzoic acid. 
CeHjOOOl 4- OeHjCO.OK = CIK + (C,H.O),0. Thiobenzoio 
aoid CeH5.CO.SH. Benzamide CflHa.CO.H,N, by aqueous H3N 
upon benzoyl chloride. Amido-benzoio aoid C«H4(H;N)C00H; 
by reduction of nitro-benwio aoid C.H<(NO,)COOH with Sn 
+ 2CIH.— Benzamid-aoetio add or hippurio aoid CHj.CfHgO.HIf. 
COOH =C„Hj;NOj. Or "benzoyl-glyoocin." Occurs in the 
urine of cows, horses. &c. By evaporating fresh cow's urine, 
to which lime has been added, and adding CIH to the concen- 
trated liquor, hippuric acid crystallizes on cooling. When benzoic 
acid is taken internally, it is found in the urine as hippuric acid. 
Rhombic prisms, soluble in 600 of cold water. Acid, bitter, 
fusible : leaves a coaly residue. By boiling with CIH, assimi- 
lation of OHj, into BENZOIC acid CrHgO-OH + amidaoetic or 
GLTCOciN CHjCHglOOOOH. Hippurate of ferric, cream-colored. 
Heated with HOK, gives off H3N and benzene. Mineral acids 
separate hippuric acid. NOOH converts hipparic acid into 
OH2 + N, -f BENZO-OLYCOLLic ACID C^HgO^ ; and boiling water 
(+ OH2) changes benzo-glycoUic acid into benzoic acid 
CyHjO.OH and glycollic acid CH,.0H COOH. Prep, by 
20,KfiCi -I- ziNC-GLYCOCiN (CH,.H2N.C00),Zn = Clj^n -f 2 

BENZAMID-ACETIC ACID. 

Tyrofin CbHuNO, has the composition of oxY-pHENYL-AinDO- 
PROPiONic ACID CflH4.0H.C2H3(H2N).COOH. In old cheese, 
Tvp65. In the spleen, pancreas and liver. By boiling horn with 
dilute sulphuric acid, neutrahzing with CaO, and precipitation by 
acetic acid. In slender needles, soluble in i^o of not water; 
insoluble in ether. Unites with CIH ; its sulpho-acid colored 
violet by ferric sails. Toluene, CyHg, homologous with benzene. 
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ifi laethyl-bexuiene CeHs-GHs. Together with l)enzene in light 
cual-tar-oil. Limpid liquid, of sp. gr. 0.88. With oxydizing 
agents yields benzoic acid. Artificially : CgH^Br-f- CHjI + Na, 
= BrNa + INa + CeHs.CHa = C^Hj. Also by nascent CgH, + 
CH4 = H, + CjHb. Chloro-tolnene CeH^Cl.CH,. Toluidin 
CeH^.HgN.CHg is homologous with phenyl-amin. Commercial 
anilin always contains toluidin, and the formation of bosaniltn 
CjoHpNj can be accounted for by the following equation: 
C«H5.H,N + 2C,H,.HjN = ^^ + rosanilin CjoHiyN.. Anilin 
reds are salts of rosanilin : the latter being colorless. Anilin- 

blue is HYDBOCHLOBIDE of TBIPHENTL-BOSANILIN 0203.^4,(0^11^)^ 

N3CIH. By heating rosanilin with ethyl iodide, we obtain 
Hofmann's violet, hydbiodidb of triethtl-bosa^tclin C20H14 
(0,H5)8N3.IH. Anilin-green is an aldehyde-green. Nitrous 
acid 3(N0.0H) converts rosanilin into 3N2 + 3OH2 + aBrin 
CjoHj^Og. • Ankol is methyl phenate C^Bfi = CflHsCOCH,). 
Colorless, mobile liquid, of aromatic odor. Boils at 152° C. 
Cresol is tolyl alcohol CeH4.CH3.OH. Occurs together with 
phenol in coal- and wood-tar. Separated by fractional distil- 
lation. By long heating with KOH into potassium salicylate. 
Xylyl alcohol CgH^OH or CeH^.CHj.CHjOH, is the homologue 
of benzyl alcohol. It is obtained from the aldehyde. Needles, 
sparingly soluble. Tolnic aldehyde CsH4.CHs.COH. Oily 
liquid, with odor of pepper. Salioylie aldehyde CeH4.OH.COH. 
Salioylio aoid CeH4.OH.COOH is obthooxy-bbnzoic acid 
CrHeOg. In the flowers of Spirsea ulmaria, and as methyl 
salicylate in oil of winter-green. Little soluble in cold water, 
crystiEillizing in minute needles from boiling water. It melts at 
155° C, and is resolved by heat into CO2 and phenol CgHj-OH. 
Gives deep violet color to ferric salts. Good antiseptic. Prep, 
by heating sodium with phenol C^K fi and CO, = hydbooen free 
H- SODIUM salicylate CeH4.0H.C00Na. Also by oxydation 
of salicylic aldehyde. Also by NO.OH upon amido-benzoic 
ACID C«H/H2N).C00H = OH2 -h N2 H- salicylic acid CeH4. 
OH.COOH. OxY-SALiCYLic ACID CeH8.(OH)2COOH, in shining 
needles. Gallic add or di-ozy-Balicylic add CeH2(OH)3COOH 
in gall-nuts {Quercus infectoria), tea, sumach, divi-divi, &c. By 
boiling GALLO-TANNic A(;iD with acids or alkalies : + OH, = 2 
GALLIC ACID C^HeOj. Mono-basic ; tetratomic. With OH,* i^ 
silken needles, soluble in 100 of cold and 3 of boiling water. 
Melts at 200° C., and by further heat into CO, and pyro-gallol 
CeH3(OH)3. Beduces salts of Ag and An. Gives blue-black 
precipitate with CleFe,. May be obtained from di-iodo-salicyuc 
ACID with C0(0Na)2.— Gallo-tannio add or tannin C14H10O9 is 
di-gallic acid minus OH2. CeH2(0H)8.C0.0.GeH2(0H)2.G00H. In 
nut-galls, sumach, &c. From nut-galls by aqueous ether : tannin 
in the water, and the gallic acid in the ether. On evaporation, 
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k yellowish powder, Tery soluble in water. Astringoit; bitter. 
Beddens litmus. Precipitates gelatin, albumin, many alkaloids, 
&c. Ferric tannate, a bluish-black precipitate, is the basis of 
common ink. Decomposes at 250^ C, with formation of pyro- 
gallol. By dilute acidjs + OH, into 2 mols. of galUo acid. Sinio 
aoid O0H7(OH)4GOOH, is mono-basic, pentatomic. In cinchona 
bark. Colorless prisms, easily soluble. By heating with 2IH = 
4OH, ~^ ^ ~^ benzoic acid. IMxiiethyl-benieiie or xylene CsHjo 
= CgHf.CCH,), is the homologue of benzene Gfi^ and toluene 
CfHg. Colorless, volatile liquid. Several isomeric modifications. 
Dimethyl anilin CeH^CCHOzN. Boils at i92''C. Dimethyl 
phenol CgH,oO = C8Hg.0H = CJE[^.(CEi\.OK. Also, xtlenol. 
Phenyl-propyl alcohol C^i,OH = CeH5.(CBy,.0H. By nascent 
hydrogen on cinnamic aloohol C^gOH. Phthalio aldehyde 
CgHgOj = CgH4(C0H)j. From phthaltl ghlobide C^H^ 
(COCl), by nascent H. In colorless tables. Fhthalie acid C.H4 
(COOH),, in prisms, little soluble in cold water. Melts at 1 85° C. 
By heat into water and fhthalic anhtdbide CeH4(CO)20. By 
action of 4O2 upon napththalene CjoHg = oxaug acid + phthalic 
ACID. When CeE4(C00H)2 is heated with excess of Calcium hy- 
droxide, we obtain benzene C^Hg and ifCCXOjCa)] ; but when 
2rCeH4(COOH)2] are heated with (0H)2Ca, calcium benzoatb 
(CeHaC00)2Ca results, together with 2OH2 + 2CO2. [Xellitio 
add Ce(COOH)«, in colorless needles, fusible; very stable. 
Mellite or ** Honey-stone " is mellitate of aluminum. I^iodi- 
■onie add C302H2(COOH)2, formed by the action of water upon 
C3O3K,. Crooonic add CgHj^s ^7 action of boiling on solution 
of potassium riiodizonate.] Citric add C.HgO, = CjH^COH) 
(COOH),, crystallizes with OH2 in trimetric prisms from a cold 
solution. Very soluble, of pleasant sour taste. Tetratomic, tri- 
basic. Prevents precipitation of ferric by ammonia. If mixed 
with tartaric acid, in solution detected by potassium acetate. 
On boiling citric add with lime-water in slignt excess, calcium 
citrate is precipitated white, insoluble in KOH. With a ferment 
of putrid flesh, yields butyric acid chiefly, and succinic aoid. 
G^tly heated with SO^Hj, gives off torrents of CO. Heated 
with POTASSIUM HTDBOxiDE : 4KOH -|- citric acid=C20,(OK)2 + 
2(CH,.C00K) 4- 3OH2. Salts of Ba, Sr, Ca, Pb and Ag in- 
soluble. Found in lemon- and lime-juice. Clear liquor neutral* 
ized with chalk, and the calcium citrate decomposed by SOfH,. 

YII. Heptane series. Normal heptane C^Hie = CH,.(CH2)5. 
CH„ liquid of sp. gr. 0.712, is contained in petroleums. 
Eep^l aloohol or cenanthyllo alcohol CH,.(CH2)aCH20H, is a 
colorless, oily liquid. From heptyl aldehyde CHa.(CH2)jC0H 
by moist sodium amalgam. (Enanthylio add CrHi^O, is the 
seventh of the &tty acids (p. 85). 

VIII. Octane leries. Normal octane CgHig = CH,(CH^,OH,» 
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boils at 134° C. Oetyl alcohol G7H1..GH2OH, a colorless oily 
liquid, of sp. gr. o. 830. Is contained in the seed of Hercuileum 
iphondyliumj both uncombined and as octyl acetate, and as octyl 
butyrate in the seeds of Fastinaca sativa. Artificially from 

BIOINOLKIO ACID Ci8H,40, + 2HOK = POTASSIUM 8EBATB Gi(^,eO, 

(OK), + H, + octyl alcohol CjR^^.GKfiK. Capbylic acid 
O7HJ5.GOOH, of faint, unpleasant odor, is found as glyceride in 
butter, and in cocoa-nut-oil. 

E^ Konaae seriec. Normal nonane G9H20 = GHsCGH-^iGHg, 
boils at 136° G. Sp. gr. 0.741. Honyl alcohol GgHi7.CfH20H, 
boils at 200° G. 

X. Decane seriee. Normal decane Gj^js = GH,(GH2)gGH3, 
of sp. gr. 0.757, boils at 160° G. Decyl tUioohol GjoHjiOH = 
G9Hig.GH,0H boils at 2 10° G. Eutic or capric add G JHi.GOOH, 
as a glyceride in butter and in cocoa-nut-oil. Also from amyl 
rutate in the fousel oil of the Scotch distilleries. Grystalline. 

XI. Endecane series. Endeoane G11H24. XII. Dodecane 
sexies. Dodecane Gi^Hjc. Laubic acid G^^B^^.COOK, from 
alcohol, in »ilken needles. As a glyceride in iat of Laurua 
nobitis and of Pichurim beans. By saponification with potassium 
hydroxide, and decomposition of the soap with tartaric acid. 
XIIL Tridecane series. Tridecane GisH^g. XIY. Tetradecane 
seriet. Tetradecane GifH^Q. Mybistic acid G13H27.GOOH, in 
white, lustrous laminss, wMoh melt at 53^.8 G. Very soluble 
in hot alcohol. As a glyceride, mybistin (Gi4BL270)30sG,H5 in 
nutmeg-butter and in Otoba fat. XY. Fentadecane seiies. 
Penta&cane GigH,,. XVI. Hezdecane series. Hexdecane 
G,eH,4. Hoxdooyl alcohol GieHjg.OH = GjaHgi.GHjOH. Is 
ethal. As obtained from spermaceti found in cavities in the 
head of Physeter maorooephaluB. It consists of c btyl or hbxdbc yl 
PALMiTATE G,eH,iO.Od,gH3j : whou fusod with KOH = potas- 
sium PALMITATB GigHgiO.OE + CETYL ALCOHOL CigHagOH. 

White crystalline mcuss, melts at 50° G. Tasteless and in- 
soluble. When heated with KOH = 2H2 + potassium pal- 
MrrAra G,gH,iO.OK. Pahnitic acid G^^^^fi^ = Gi,H.i;GOOH, 
is the 1 6th of the fatty acid series. Occurs as a glyceride in 
many fats. Most largely in palm-oil from Elais guianensis, in 
Ghinese tallow, and Japan wax, as tri-palmitin (GigHgiQ.O),. 
GgHg. Also as oetyl psdmitate (spermaceti). Artificially by 
melting oleic acid Gx8H,40, (p. 103) with 2KOH = H, -|- 
GH,.GOOK + GieHjiO.OK. JSoluble in boiling alcohol. Melts 
at 620° G. May be distilled. Mono- di- and tbi-palmitin. 

XVII. Hargaric acid Gi7H„.0H, was supposed to be inter- 
mediate between palmitic and stearic acids. As mabqabate o9 
potassium Gi^HjjO.OK + NH, by action of cetyl cyanide 
GNGigHg, + KOH + OHj. XVIII. Stearic acid GigHjsO.OH, 
in nacreous laminss, of acid reaction. Melts at 69° G. Tbi* 
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STEABiN (C„Hs50.0),C,H5, a glyceride in most solid fats, as in 
beef aud mutton-suet. Smips oonsist of mixtures pf sodium (or 
potassium) palmitates, stearates, oleates, &o. They are m^e 
by saponifying palm-oil, tallow, &c. Sodium-soaps are hard ; 
potassium soaps 90ft, and contain great excess of alkali. 
XX. Araohidio add CgoH^O.OH, in sntall scales, by saponifying 
the oil of Araehis hypogxa. XXII. Behenifl acid 0(^4,0.011, 
melts at 76° 0. By saponifying the oil from the &uit of Moringa 
Nux Behen, XXVIL Cerotyl aloohol Cj^H^OH = C^JH,,. 
CHjOH. As purified by ether, a wax-like substance, melting 
at 97° 0. Ohinese wax is oeryl oerotate C^-^Jd.OQ^^^, 
' When heated with KOH = potassium cebotate Cj^HgjO.OK + 
Cerotyl aleohol. Oebutio acid OstH^sO.OH, is the dbdef con- 
stituent of oeriik, the portion of bees-wax which is soluble in 
boiling alcohol, and is obtainable by fusing ceryl cerotate, which 
melts at 8l2^ 0., with KOH, and decomposing with an acid. 
Melts at 78° 0., and distils. XXX. Myrieyl aloohol 0,^8,.0H 
= O29H59.OH2OH, of silken lustre, is the highest known member 
of liie series. Myrioin, or myrioyl palmitate OieH3,0.00,oHc„ 
is that portion of bees-wax which is insoluble in Doiling aloohol. 
By fusion with KOH, into potassium palmitate and myrieyl 
aleohol. Melissio acid, CjoHg^O.OH, melts at 89° 0. The 
highest known member of liie fatty series, commencing with 
FOBMio ACID H.GOOH (p. 85). Obtained by heating myrieyl 
alcohol with KOH = sH, -{- potassium mblissate CsoHg^O.OK. 
Decomposed by acids. 

Kaphthalene group. Faphthalene Cu^H^ in large, colorless 
brilliant crystallLne plates, with odor reminding of narcissus. 
Melts at 79^. 2 C. : boils at 218° C. Bums with red, sooty flame. 
Soluble in alcohol and ether. Forms additive compounds with 
01, Br, &c. Contained in last portion of oily product obtained 
firom coal-tar. Also produced by decomposition of benzene, 
toluene, &c. Thus : 4C,Hg = 3C,H, -f- 3H, -h C^H,. Nitbo- 
NAPHTHALENB Oj^H^O,. Naphthylamin GioH;(H,N), in 
needles. Naphthalene-sulpbonio acid GioH^SO^H, crystal- 
line, deliquescent. Naphthol C10H7.OH, colorless prisms ; violet 
with chloride of lime. Nafhthoquinonb OioHsO,, in large, 
sulphur-yellow tables. 

Fhexumthrene group. Fhexumthrene C,4H,^ in colorless, 
lustrous laminsB. Contained in the portion of coal-tar, which 
boils between 3 20^ and 360^ C. Anthraeene CifH,^, in colorless 
tables, little soluble in alcohol and ether. Melts at 213^0. and 
distils above 360° C. Both phenanthrene and anthracene con- 
tain benzene residues ; C8H4.CH.GH.GeH4. Di-hromanthraeene 
G|4HgBr, in golden-yedlow needles. By the action of Bromine 
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on anthracene in CS,. Anthrol Gi4H,.0H. Anthraqninone 
Ci4Hg02 = OeH4.CO.CO.OaH4. in flhiuy. yeUow needles. Sub- 
limed. Not reduced by S0(0H)2. By oxydation of anthracene. 
Bi-bromanthraqninone CuHgBrjO,. In yellow needles. Ob- 
tained by heating anthraqninone with Bromine. By heating 
with 2KOH at 150° C, into alizarin Ci4He(OH)202. Anthra- 
quinone-SQlphonie add C14H7O2SO3H, and Ci4He02(S03H)2, by 
heating anthraqninone with S02(OH)2 at 255^ C. Alizarin 
C,4H8(0H)202, in orange-colored needles, forming purple solution 
with alkalies. Aluminum and tiii salts throw down red pre- 
cipitates of madder-lakes. Alizarin, from the red coloring 
matter of Mvbia tinctorum ; contains bubebythbic acid 
C2«H2gO,4, which by water ( -j- 2OH2) is resolved into 2 dex- 
TBOSB and alizarin or garanoin. Now prepared artificially as 
above, or cheftiper, from Oi4Ha02(SOgH)2 by fusion with KOH, 
solution in water, and precipil^tion of the alizarin by CIH. 
Pnrpurin C|4H5(OH),02 occurs in old madder-roots together with 
alizarin. Like alizarin, it is reduced to anthracene, by heating 
with zinc-dust. 

Destmotive diatillatlon. Among the products of the distil- 
lation of wood and resins must be mentioned Kreasote CgH^oO,. 
Sp. gr. 1.057. It is to kreasote that wood-smoke owes ite anti- 
septic properties. It is contained in the heavier portions of the 
oil obtained from wood-tar. It is a colorless, oily liquid, which 
boils at 203° C. Easily inflamed ; burns with a smoky flame.. 
Of pungent odor and burning taste. Little soluble in water ; 
very soluble in acetic acid, alcohol and ether. Coagulates albu- 
min (p. 126) and is the best antiseptic. Phenol or OAJteOLio 
AOm CeHjOH, is the common substitute for genuine kreasote. 

Terpenes and Camphon. Oil of turpentine CiaH^s, a colorless, 
mobile liquid, of aromatic odor, insoluble in water, but soluble 
in absolute alcohol, ether, benzene and carbonic sulphide. A 
solvent of phosphorus, sulphur, iodine, bromine, oils, resins 
(varnishes). Many varieties: isomeric and polymeric. In 
conifers generally. Forms htdbates; 0iJEi8,20H2, and 
C|oHi8,30£[2. By repeated distillation with a little sulphuric 
acid, into tebebene CioHje, boiling at 160° C, and golophene 
C20H32, boiling at a high temperature. Inflames with Chlorine. 

Unites with 2CIH. CyMENB or METHYL-PROPYL-BEyZENE C,H4 

(CHgX^sHr)* is made from turpentine, showing the latter to be 
a hydride of cumene. By oxydation, turpentine yields acids : 
formic, acetic, butyric, oxalic, tebebio C^^^fi^^ toluio CaH4 
(CH8)C00H.and tebephthalto CeH4(COOH)2. Essential oila. 
Either hydrocarbons isomeric or polymeric with oil of turpentine, 
or of a mixture of these with compounds of C, H and O. Oil of 
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lamoxui, from the rind of the frait of Citrus Imonumj consista 
chiefly of oitbene CjqH.,. Similar oila from Oili of Neroli, Ber- 
gamot. Citron^ JAtM^ Orange^ &c Thyme^ Vaieriant Chamomile, 
Juniper, &c. OtU of Capivi and Cubebsy polymeric: C,^,^- 
Mixed wiUi a terpene, we have valeric acid in oil of Valerian, 
pelargonic aoid in oil of Pelargonium, euodio aldehtde 
CioHjiCOH in oil of Buta. Some volatile oils consiBt of oZde- 
hydes, as oils of Bitter Almonds, Cinnamon and Cassia. They 
are all soluble in alcoliol and ether, and produce a greasy stain 
upon paper, disappt^aring when heated. BlsDoptene is the liquid, 
and stearoptene the solid portion of an essential oil. None of 
these oils saponify. CamphorB contain lo atoms of oarbon. 
Laurel eamphor C,oH,eO, a colorless, translucent mass of sp. gr. 
o 985. Melts at 175^0)., and sublimes at 204° C. Readily 
soluble in alcohol (tincture). By heating with 'P'fi^, into ou- 
mene C10H14 + OH,. In Laurwt Camphora, Alao artificially, 
as from turpentine, by MngOgCOK),. The essential oils of Laven- 
der, Marjoram, Rosemary and Sage contain camphor. Abnnthol 
CioHigO, from Artemisia Absinthium is a liquid camphor. Cam- 
PHORic ACID CgHi4(COOH)2, in colorless laminse. By continued 
boiling of camphor with nitric acid. Bomeo-oamplunr Ci^HigO, 
melts at 108° 0., and boils at 2 1 2° C. It is an alcohol C10H17OH, 
yielding compound ethers. Obtained artificially by heating 
laurel camphor with sodium (sodium bobneol CioHj^.ONa), or 
alcoholic HOK. Occurs in Dryabalanops Camphora. Mentiiol 
C1OH10OH, in oil of Mentha piperita^ occurs together with a 
terpene. 

Beniifl and Balaams. CoLOPHONT-or common bosin consists 
principally of sylvio add CtdB-^O^. It is monobasic, and crys- 
tallizes from alcohol in laminsB. Lac is harder than resin, and 
known as stick- seed- and shel-lac. Copal, Mastic, Sandarac, 
Dammar, and Dragon's blood are also resins. Amber is a fossil 
resin. — CaoltcAouo is the dried milky juice of species of Ficus, 
Euphorbia and other trees. Soluble in pelax)leum, benzene, &o. 
Little affected by chemicals. By destructive distillation yields 
two polymeric bodies: Isoprene CsHg, and Oaoutohin C|oH„. 
With Sulphur, Caoutchouc gives vulcanized India Rubber, and 
Ebonite. Gutta pebcha, from Isonandra Gutta, is harder than 
caoutchouc, but very similar. A good insulator of electricity. 
By destructive distillation yields Isofbene, Caoutchin and 
Hevee.ne, polymeric hydrocarbons. Balsams are mixtures of 
resins with volatile oils. 

Coloring matters. Indigotin Ci«HioNsO., in dark-blue needles, 
may be obtained by subliming commercial indigo. It does not 
exist in Indigofera Anil ready formed, but as a gluooside 
CjaHjiNO,,, which, by boiling with dilute acids, 3nlelds indi* 
OLUciN CflHjoOfl and indigotin Ci,HioN,0,. Thus ; aC^HjiNOj, 
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+ 4OH2 = 6 indiglucin + indigotin. Indigo-white CiaHi^NsO, 
is changed into indigotin by the air or oxydizing agents. Indigo- 
solphonio aoid GigHgNsOsfSOgH, by heating indigo with sul- 
phuric acid. Isatin GgH^NOj, in yellowish-red prisms, by 
heating indigo with nitric acid. See Fhenjl-amin C^H^.H^^* 
p. ir'2. Indigo related to benzene group (p. 112). Carthsmin 
C14H10O7, as a dark-red powder used for dyeing silk, is obtained 
from the petals of Carthamus tinctoriiu. Alizimn Ci4Hg(OH)202 
has been already described at p. 119. HsomatoxyliiL OiaHjfOa, 
3OH2 in HsBmatoxylon. Pale-yellow prisms. Oarminio aoid 
CifHigOjof in Coccus CkuAi most largely, and in the flowers of 
Monarda didyma. Fine red powder, soluble in water and alco- 
iiol. Di-basic. Brazilin GssHigO,, in small yellow prisms, 
crimson by alkalies. GtHoninin OioH|aO„ in turmeric. Orange 
crystals, browned by alkalies. Euzantliio add C^^ifi^ot in 
Purree or Indian Yellow, as magnesium euxanthate. Shiny, 
yellow prisms. Chlorophyll is leaf-green. Soluble in alcohol 
and in CIH. 



Allraloidg. 

They are all derivatives of ammonia. The monamiiies, derived 
from a single molecule of ammonia, may contain one, two or 
three univalent alcohol-radicles in exchange for i, 2, or 3 atoms 
of Hydrogen : primary, Booondary, and tertiary. They expel 
ammonia from its salts, when heated with them, and form 
double salts with platinic chloride, Auric chloride, &c. They 
can also replace hydroo:en in the ammonium of alums. Pbimary 
AMINES, into corresponding alcohols by NO.OH. Thus: 
CHjCHjN) + NO.OH = OH, + Nj -h CH,.OH. Thus, we have 
a means of passing from a lower into a higher alcohol series. 
Xthenyl nitrile C^HsN -h 2H2 = ethylamin (CH,CH3)H2N, and 
ethyLimin + NO.OH = OH, -h N, -h GH2CH3OH. Sboondaby 
AMINES, by NO.OH into water, and nitroso-compounds. Thus : 
di-methylamine (GH,)2HN + NO.OH = Water + nitroio- 
dimethylamin (0H)2N0.N. Tebtiabt amines are scarcely 
touched by nitrous acid. Pyridine baeee, CJI^^JS, are meta- 
meric with phenylamin CeH^.HjN, and its homologues, p. 112. 
They are contained in coal-tar, naphtha, and in Dippel's oil, 
which is obtained by the destructive distillation of bones. All 
liquid, and react as tertiary monamines. Pyridin CgHgN. 
Pioolin C9H7N; boils at 133° 0. Strongly alkaline, and forms 
crystalline salts. Lntidin C^HgN. Collidin CgHnN. Parvolixi 
C^„N. Ctoridin C,oHi.N. Bnbidin C„H„N. Viridin Cj,H„N. 
Ghinolin bases CJH^n-ii'S. By distillation of quinin, dn- 
ohonin, with KOH. Ghinolin C^H^N. Lepidin CipH»N. Cryp- 
tidin G|iH„N. Leucx>lin, contained in coal-tar-oil, is isomeric 
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with chinolin. Heated with amtl iodide CgH,,!, chinolin 
forms G0H7.G5Hi,NI, which is changed by heating with EOH 
into eyanin C^sHjsNI, a dye of blue color. Conin GgHj^N 
= (G9Hi4)"HN, in the seeds, &c., of Conium mucvlaium. By 
distillation with KOH. Golorless, oily liquid, of stupefying 
odor, browning on exposure. Sp. gr. 0.89. Boils at i6b° C. 
Very poisonous. Temporary stain upon paper. Slightly 
soluble in water ; freely in alcohol and ether.' Vapor inflam- 
mable. A secondary monamine. Methyl oonin GH3.GgH,4.N, 
also accompanies oonin. With ethyl iodide, conin forms GgHj^. 
GjHg.N.GjHgl, and this, by AgOH into a soluble base. (Gon- 
BTDRiN G8H,4.H,NO, accompanies conin.) ^ Kiootiii(C5H.),"'N^ 
= GioHj^Nj. In the seeds and leaves of Nicotiana tahacum, 
united with malic and citric acids. Also in tobacco smoke. 
Maryland and Havannah tobacco contain about 2 .per cent. 
Golorless, oily liquid, irritating, and.odorous of tobacco. Sp. gr. 
T.048. Boils at 249° G. Very soluble in water, alcohol and 
ether. A fearful poison. With Gl, a red color. With I a rubv- 
red. Spartein GigHjaN,. Golorless liquid, alkaline, sparingly 
soluble, bitter, narcotic. Creatin G4H9N,03,OH2, in lustrous 
prisms, neutral, bitter. In juice of flesh. Artificially by union 

of CTANAMIDE GCHN), with METHYL-OLYOOOIN Or 8AR008TN 

GHj.HN.GHj.GOOH. By boiling with water, into tbea and 
6ABOO6IN. By abstraction of water, as when heated with acids, 
into oreatinin G4H7NSO. Greatinin constitutes 0.25 per cent, 
of the urine. It crystallizes in rhombic prisms, expels H,N 
from its salts, and forms salts with acids. Onanin G5H5N3O, a 
white powder, soluble in GIH. By oxydation into guanidin 
GHgN, and parabanio aotd GsH^NgOs, p. 107. Is contained in 
the pancreatic juice of mammals and largely in guano. Ti^wtliTTi 
G5H4N4O2, in certain calculi ; in the blood and urine, and in 
the liver. Artificially by moist sodium amalgam upon ubio 
aoid GaH4K40g, and by NO.OH upon guanin. White, amor- 
plious, slightly soluble in boiling water. Easily soluble in 
solution of HgN. Hypozanthin G5H4N4O, crystallizes in 
needles, slightly soluble. Its hydrochloride sparingly soluble. 
It accompanit-s xanthin. Camin G7HgN40„ in meat-extract. 
Theobromin C^H^l^fl^i ui the seeds of Theobroma Cac<w. White, 
crystalline powder, of bitter taste, slightly soluble, neutral. 
Forms salts with acids. From its solution in HgN, silver 
nitrate preeipitates GyH^AgNfO,, which, by heating to 100^ G. 
with GHgl, is changed into: thein or methyl-theobromin 
G7H/GH,)N40g. In tea and coffee ; in the leaves of Ilex pata^ 
guayerms, and in Guarana, the dried pulp of the fruit of 
FauUinia sorbt'Zta. In silken needles as GgHioN.O^.OH,, soluble 
in water and alcohol. Melts at 225° G., and sublimes. Boiled 
with baryta-water + OH, = theidin CyHjjN^O + GO,. By the 
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action of CI or of nitric acid, methylamin and cyanogen 
chloride are evolved, and amalio acod (tetra-mbthtl alix)X- 
AjrriN) Cg(CH,)4N40, is obtained. 

AlkaloidB of <^iam. Opium, the inspissated juice of the half- 
lipe capsules of Ta'pav&r somniferum^ coiitflins various banes 
united with sulphuric and meconic acids. By digestion of the 
opium with warm water, and filtration, we remove narcotin 
principally, with some resinous matters, &c., and obtain morphin, 
oodein, thebaln, papaverin, narcotin and narcein in solution as 
meconates and sulphates, together with meoonin Q^fi^fi^ and 
extractive matters. Opium acts as a sedative, and in larger 
doses as a narcotic poison. On addition of calcium chloride to 
the aqueous solution, calcium meconate is tlirown down, and 
hydrochlorides of the alkaloids are found in solution. 

K.B. Meoonio acid C4H0(C00H)„30H2 = C^.O^^OH, or 
OxYCUEUDONio ACID (cHELiDONic ACID C7H4O0, in Chelidonium 
majvs, together with Aconitic acid OgHgOg in CheHdonium as 
also in Aconitum napeUus) in mica-like plates, easily soluble in 
boiling water, gives a deep-red color to ferric salts, not bleached 
by CljHg. Easily separated from calcium meconate by GIH. 
Triatomic, tribeusic. Soluble meconates are precipitated by lead 
acetate. 

Uorphin GijHigNOjtOHj, in small, brilliant prisms, soluble 
in 1000 parts of cold water; alkaline to test-paper and of 
bitter taste. Soluble in \o parts of boiling alcohol, and 
easily in dilute acids : insoluble in chloroform and in ether. 
Soluble in excess of KOH. Precipitated from solutions of its 
salts by KOH, by H3N and % CO(ONa),. Melts to dark-red 
fluid, and bums with sooty flame, leaving a little charcoal 
which easily bums away. Neutral ferric chloride strikes a blue 
color. With nitric acid, an orange color, very characteristic. 
Liberates I horn. IO3H, which is dissolved with amethystine 
color by chloroform or carbonic sulphide, and colors starch 
blue. From morphin htdbochlobide C„Hi9NOj,ClH,30H2, 
morphin may be precipitated by H3N. Solution of iodine pre- 
cipitates CJ7H19NO3I4. [Apomorphin Gi7H,7N02, by heating 
morphin in an hermetically-sealed tube with 2GIH. Is an 
emetic. Is soluble in ether and in chloroform.] Codein or 
methyl-morphin Gi7H,8(GH3)N08,OH2 = GigHjiNOajOHj. Large 
rhombic prisms, which melt at 1 20° G. With soda-lime yields 
methyl-amin, and trimethylamin. Heated with strong GIH at 
145° G., into methyl chloride and apomorphin. Tertiary mona- 
mine. From its greater solubUity, codein hydrochloride remains 
in solution after morphin hydrochloride has crystallized out. 
Thebain Gi^H^iNO, in silvery scales, insoluble in water, KOH 
and in H3N. Present in .very small quantity. Prodnces 
tetanus. Papaverin G20H21NO4, iu minute crystals. Like 
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Cryptopin, giTes with SO4H, a deep-blue color. Hareotiii 
C^H^sNO, = C|bH,4(CH,)8K07, in small, colorless prisms, is ob- 
tained from the marc or insoluble portion by boiling with dilute 
acetic acid, and precipitation by NH,. Soluble in 128 parts of 
boiling alcohol and 19 of boiling ether. Heated with KOH, 
yields HgN and CH,H,N, as well as (CHg),HN and (CH,),N. 
Treated with 3IH = jCHjI + nomarootm Ci^^NO^, or three 
molecules of methyl iodide for one of the new btise. 

Alkaloids of dnehona. Cinohonin G20H24N2O, in transparent, 
four-sided prisms, very little soluble in water, yet alkaline to 
test-paper. Soluble in 30 parts of boiling aloohol ; nearly in- 
soluble in ether. A powerful base; produces powerful right- 
handed rotation. In pale bark, or Cinchona > Condaminea. 
(p2^^^'Sfi)J&0^'H^20lif, in lustrous crystals, fairly soluble. 
Cinohoxdoin and Ginehoiiidi]! are isomeric; the first is feebly 
right-handed, the latter strongly left-handed as to polarized 
rays. 

Quixdn G2oH,4N,Ox,30H2 in minute silken needles, more 
soluble in water, intensely bitter and alkaline; deviates the 
plane of polarization to the left. A valuable febrifuge. Very 
soluble in ether, and gives a green color with Chlorine-water and 
Ammonia. Abundant in y^ow Cinchona bark. Cinchona call' 
saya. (Of^JSI^OfXMOfi^^'eLgi,^ requires 800 parts of cold water 
for solution. Solution has a blue fluorescence. Quinidin is 
isomeric, but produces powerful right-handed rotation. QuinieiiL 
CsoHjfNjOi, is also isomeric, and like cinchonicin is produced 
by heat rebpectively from quinidin and cinchonidin. K.B. These 
alkaloids are contained as Kinates chiefly. The so-called Kinig 
ACID C0H7(OH)4COOH, in colorless prisms. Easily obtained from 
CALCIUM KiNATB (C7HijOe)2Ca,ioaq., by means of oxalic acid. 
By digesting the ground bark in dilute sulphuric acid, and 
precipitation of the oases by lime or magnesia. 

Alkaloids of strychnof . In the seeds of Strychnos nux-vomiecL^ 
and ill Strychnos Ignatius, stbtchnin and bbucin are found. 
The expressed seeds are exhausted by dilute sulphuric acid, and 
the bases precipitated by calcium hydroxide : brucin is removed 
by washing with cold aloohol. Strychnin C21H22N2O2, in color- 
less rhombic prisms, almost insoluble in water, and yet intensely 
bitter, and alkaline. Almost insoluble in ether and absolute 
alcohol,' but very soluble in ordinary spirit of wine and in chlo- 
roform. A fearful poison. With PbO, and also with MnO, 
and SO^H,, gives beautiful purple reaction, turning to brown. 
Also with ^Cjfij and SO^Hs- Potassium sulphocyanide pre- 
cipitates sulphocyanide of strychnin. Bnudn C^fiM^X)^ in 
efflorescent prisms, or in tables with 4 aq. Easily soluole in 
alcohol, but not in ether. Bed with S04H2> and gives a violet 
precipitate when SnClg is added to the red solution. Orange 
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color with NOj-OH, for which it is also a test. Brticea antidys- 
enterica only contains brucin. Less poisonous than strychnin. 

Other alkaloids. Atropin C17H23NO3. in Atropa Belladonna, 
and in Datura Stramonium. Thin needles, of bitter taste, very 
poisonous. Unchanged in the urine. EasiUy soluble in alcohol, 
but little in water and ether. Produces dilatation of the pupil of 
the eye. By heating with (0H)2Ba or with CIH, by assimila- 
tion of OHj into TBOPio acid 0»H,o08 and tropin CgHjaNO. 
Yeratrin G^^^^t^fig, in seeds of Verafrium SdbadiUa. White 
powder, of sharp burning taste, occasioning sneezing. Very 
poisonous. Nearly in^ioluble, and yet alkaline. Jervin. 
OjoH^NjOj, in the root of Veratrum album. [Piperin j ^H, gNO,, 
in four-sided prisms, insoluble in water ; easily soluble in alcohol 
and ether. From seeds of Piper niger. Heated with soda-lime 
it yields fifebidin O^HigHN, a secondary amine. Sinapin 
CicHjaNOg, in seed of Sinapis alba, as thiocyanide, soluble in 
alcohol. By boiling with alkalies (+ 2OH2) = diolin C^Hi^NO^ 
and siNAPio acid CiiH^fi^. Hyoscyaxnin C15H23NO,, in Hyos- 
cyamus niger. Berberin GjoHj^NOi, in the root of Berberis vtd- 
garis. With 5 OH^ in yellow needles. PhysMtigmiii G15H21N3O2, 
in the Calabar bean. In laminsB soluble in alcohol and ether. 
A fearful poison. Occasions contraction of the pupil. Ourarin 
OioHisN. Lyoin djH^NO,, in the leaves of Lycium barbarum. 
Harmalin O1.HJ4X2O and Harmin C„Hi2N20 are in the seeds 
of Peganum harmala. Colchiein O17H10NO3, in the seeds of 
Colchicum auiumnale, Coeain C17H21NO4, in coca-leaves. 
Corydalin GigHi^NOf. Chelidonin Ci^Hi^NOf, in the roots of 
Ohdidonium majus. Emetin G3oH44N20g, in Radix Ipecacu- 
anhsB. Solanin CfsH^pNOig in the nprouts otSolanum tuberosum.'} 

Gelatiginoiui prinoiples including bone, teeth, hair, nails, fto. 
Gelatin and Chondiin are not ready-formed, but result &om 
the action of boiling water upon the gelatigenous or chondrin- 
produoing tissues. 

Gelatin. Ohondrin. 
Carbon ..... 50.0 49.1 

Hydrogen .... 6.6 7.1 

Nitrogen 18.3 14.4 

Oxygen 25.1 29.4 

100. o 100. o 



Gelatin swells up in cold water, and dissolves on boiling to 
a viscid liquid, which solidifies to a jelly on cooling. ** Size " 
from parchment, *' glue " from bones, and ^ isinglass "vfrom the 
floating bladder of sturgeons, are more or less pure gelatin. 
Insoluble in alcohol and ether, and is precipitated also by CljHg, 
(NOOaO^g, and (NO^,0^g,. Tannin C^Hj^O, (p. 115), 
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precipitates it as tanno-oelatin, and the tissues which yield 
gelatin, unite directly with tannin to '* leather." Boiled with 
sulphuric acid or with alkalies, gelatin yields both leuoin 
CgHisNO,, or AMiDO-OAPBOio ACID G^HioCEsNXCOOH) and 
GLYCOCIN CiHsNOj (or amido-acetio acid GEsCHgNX^OOH). 
Leuoin crystallizes in lustrous scales, but little soluble in water. 
It unites with acids Hud bases. Heated with (OH)fBa = 
CfHn.HsN+CO.OjBa. Chondrin, from the ribs and joints, is 
precipitated from its solutions by acetic acid, alum, lead acetate 
and other metallic salts, and not by mercuric chloride. With 
sulphuric acid, only leijcin. BoUed with CIH, gives glucose. — 
Berioin C15H25N5O,. Soluble in boiling water, and solidifies on 
cooling to a jelly. Is precipitated by CyeFeK4, and by yaiioiis 
metallic salts. Boiling with sulphuric acid, sericin affords besides 
LEuciN CaHigNO,, and tybosin GgHj iNOg, serin or amido-glyoerie 
aoid CH2.H2N.CHOH.COOH (hard crystals changed by NO.OH 
into GLYCEBic ACID CjH,04 or DioxY-PBOPiONio acid.)— FibroiJi 
CisHjiNgOa, constitutes 66 per cent, of silk. Insoluble in hot 
Wiiter, in alcohol and ether. Boiled with sulphraric acid, gives 
leucin, tyrosin and glycocin. 

Albuminoids or proteids. Approximate formula Cj^^^^^tP^S, 
They also contain phosphates. Boiled with CIH, and ClgSa, 
they are resolved into HgN, CgHiaNOj, C^HnNOj, asfabtio 
ACID and GLrTAMio ACID C,H5.H2N(COOH)j. They are pre- 
cipitated by mineral acids; by CjJPeK^ with a little aoetio 
acid; by acetic acid; by Millon's reagent (mercuric nitrate), 
a deposit, and a solution which turns red. They also rotate 
the plane of polarization to the right. Olass L Albumins : 
soluble in water, a. Seb-alblmin, yellow, elastic, transparent, 
soluble, and precipitated by alcohol, which slow^ changes it 
into coagulated albumin. Not precipitated by very dilute 
acids in small quantities. Immediately 1^ strong acids, espe- 
cially nitric acid, in which it is easily soluble. Concentrated 
NOjOH produces a bright orange color. Aqueous solutioii 
coagulated by boiling; albumins. Nor coagulated: Pep- 
tones. All albimnnoids changed into Peptones by gastric juice. 
h. Ovalbumin, gradually gives a precipitate when shaken with 
ether, and is nearly insoluble in nitric acid. (The yolk of an 
egg contains albumin and casein.) c. Yegetalbumin resembles 
ovalbumin. Class U. Globulus : insoluble in water. Insoluble 
in water, but soluble in 1 per cent, solution of GlKa or other 
neutral salts, a. Myosin, insoluble in water, but soluble in veiy 
dilute CIH, rapidly passing into acid-albumin. It is also coagu- 
lated by alcohol.. Occurs in the protoplasma, or contractile 
muscular substance causing rigor mortis, fi. Globulin. Suspended 
in water, and heated to 70° C, it becomes coagulate and insoluble. 
By dilute acids into acid-elbumin. In dilute alkaUes, soluble as 
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fllbumlnate. Is precipitated from its saline solution by CO,, and 
is prepared from diluted blood-s^rum by a stream of CO,. 
Globulin also in aqueous humour, in the juice of the cornea, &c. 
Globulin from blood-serum is fibbino-plastic. 7. Fibrinogen 
is more difficult to precipitate by CO2 than globulin, more fleecy, 
and more easily precipitated by alcohol-ether. It is moreover 
fibbinooenoub, producing fibrin when mixed with fibrino-plastio 
globulin. Prepared from pericardial fluid, or hydrocele fluid,, 
or any other, Capable of producing a clot with blood-serum. 
Class m. Debiybd albumins. Insoluble in water and in dilute 
Bolntions (i per cent.) of sodium chloride : soluble in dilute aoids 
and alkalies. A. Acm albumin. All the globulins of Class II. 
are soluble in dilute acids, and thus converted into acid albumin, 
and the precipitate on neutralization is no more soluble in 
neutral salines. And so, if dilute CIH or CH,COOH, be added to 
ser- or ov-albumin, no coagulation takes place on heating to 
70° C. or above, but rotation to the left is increased : on neutral- 
ization, a white, gelatinous precipitate is occasioned, and soluble 
albumin becomes insoluble in water, as in hot alcohol. Sus- 
pended in water and heated to 70*^ C, it enters into the coagu- 
lated state. B. Alkali-albumin or albuminate. Casein. Alkalies 
similarly prevent coagulation ; on neutralization the albumin is 
similarly precipitated. Hot alcohol re-dissolves alkali-albumin. 
Casein, &om milk, has similar properties : it is coagulated by 
infusion of rennet. Class IV. Fubbin. Insoluble in water and in 
dilute (1 per cent.) hydrogen chloride, except when heated to 
60° C. Fibrin is filamentaceous, and elastic, insoluble in water, 
but soluble in solution of saltpetre at 40° C. Tlie formation of 
fibrin due to contact of fibrinoplastic with fibrinogenous sub- 
stances, which combine. Glutin consists mainly of vegetable 
fibrin and glutin. Class Y. Coagulated proteid. Insoluble in 
dilute, as well as in strong acids: soluble. in gastric juice. 
Produced when neutral solutions of albumin, syntonin, fibrin, 
myosin, &c., are boiled or precipitated by alcohol. Ovalbumin 
is also coagulated by ether, and by strong CIH. Casein and 
albuminates, when precipitated from neutral solutions, pass into 
coagulated albumin by iieat : and they are changed back by 
caustic potash into albuminates. Class VI. Peptones. All albu- 
minoids changed into peptones by the gastric juice : they are 
found in the stomach and small intestines. Iksily soluble in 
WKter, and insoluble in alcohol and ether. Not precipitated by 
acids nor by potassium ferrocyanide, but by CljHg and lead 
accftate with ammonia. 

Bones when dried at 100° C. consist of about one-third of 
organic matter ; the remaining two-thirds being composed chiefly 
ef caldnm ortho-phosphate, with oaloinm carbonate and magne- 
linm phosphate. By boiling in a Papin's digester at 150^ C, 



128 TEETH. BLOOD. BRAINS. BILE. 

the gelatin is dissolved, and liie earthy matten are left. The 
teeth are similar, but the portion which projects over the gams 
\B encased with V compact hard cmst, known as the enamel, 
and which contains but a very smaU proportion of animal 
matter. 

Blood is the source of all nutriment and all secretions. 
Average sp. gr. of huma|i blood is from i .05 2 to i .05 7, varying 
in the proportion of the red corpuscles. The sebum is more 
uniform, between 1.027 and 1.029; alkaline, straw-colored, 
highly albuminous. Heated to 76° . 7 C, it coagulates to a semi- 
transparent jeUy owing to the presence of 7.7B per cent of 
albumin. The solid gbuob or cbassamsntum begins to separate 
from three to five minutes after the blood has l^en drawn, and 
is traced to the action of fibrino-plastic and fibrinogenous 
bodies ; by strong agitation no coagulation, as the fibrin sepa- 
rates in coherent filaments. The blood-discs or red blood-cor* 
puscles consist in chief part of hamoglobin, or hnmatoerystallin. 
IJsnally amorphous, but crystalline from cats, doj[:s, rats, mice, 
and many fish. A brick-red powder, soluble in water, and pre- 
cipitated by alcohol : its aqueous solution exhibits in its spec- 
trum two absorption-bands situated between the Fraunhofer 
lines D and E. The solution containing has a deep-red color 
and exhibits the absorption-bands ; free from is dark -purple. 
Oxygenated hnmoglobulin is resolved by dilute acids or alkalies 
into two proteids, fatty acids, and homatin Cifi^FeSfi^^ a 
dark-blue powder when dry, containing 9 per cent of iron. 
When blood is warmed with strong acetic acid, and solution of 
ClNa, a substance .called hsBmin, separates in yellowi&h-red, 
microscopic, rhomboids : a test for blood. 

Brains. Besides 80 per cent, of water, and 7 per cent, of 
albumin, the brain contains (in aHtlition to small quantities of 
kreatJD, lactic acid, uric acid, Inosite, &a) fats, cholesterin, 
eerebrin and lecithin. Oerebrin CifH^NOg is a tasteless sub- 
stance, insoluble in cold ether. It swells up when boiled with 
water. Leeithin C42H94NPO9, occurs also in yolk of eggs, 
blood-corpuscles. &c. It is a waxy substance, soluble in alcohol 
and ether ; swells up with water, forming an opalescent solution. 
It uidtk s with basyls and radicles. Forms (CfsHf^^NPOgCl),. 
Cl4Pt. By boiling with acids, lecithin into : cholin CjHjgNO,, 
and gltgebo-phosphobic, palmitic and oleic acids. 

Bile. A greenish viscid liquid, which darkens on exposure 
to air. Alkaline, of disagreeable odor, freely miscible with 
water, and of bitter taste. Evaporated at ico^ C, and treated 
with alcohol, a thick jelly of mucus is left. The fdcoholio 
solution contains oolobing matter and cholesterin C,^«,0H 
(p. 131). The bile-pigments are : a. bilinibin GicH„N,Os, the 
dtiief coloring matter, forming dark-red prisms, insoluUe in 
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water, and sparingly soluble in alcohol and ether. Easily 
soluble in CHCl, and in S,C. Soluble in hydroxides, with yel- 
lowish-red color ; when shaken wif h air, hUiverdin Gi^HjoNsOs, 
of green color, precipitates, h. Bilifiudxi Ci«H,9N204 is dark- 
green, soluble in alcohol, but insoluble in chloroform and in 
water. With nitric acid, all the pigments' give a greeVi color, 
changing to blue, violet, red and yellow. A test. Besides 
eholin GgHi^NO, (which has the composition of tri-methyl 
ethene hydrinammonium hydroxide C2H4.0H.(GH8),K.0H), the 
bile contains two peculiar acids, i. Olyoodudic add G2eH4,NO«, 
slender needles, sparingly soluble in water, easily in alcohol. 
In the bile, as glyoocholate op sodium CaeH.jNOgONa. On 
addition of sugar and SOiCOH)^, a purple-rea color (Petten- 
kofer*s test). By boiling with alkalies (+ OH,) into glyoocin 
CH,(H,N)COOH, and dholio add Cj^H^oO, : boiled with acids, 
first into glycocin and cholio acid, and the latter then into 
dyslynn C„H„0,. 2. Tanrodiolio add OnK^J^QO^, also in 
slender needles, easily soluble in water and alcohol. By boiling 
with water (+ OHj), into oholic acid 024H4«04, and TanrixL 
C2H4(H,N)SO.H, p. 97. In the bile as taurocholatb of 
SODIUM. The bile of pigs contains sodium salts of hyoglyooeholio 
add C^H^jNOg and hyotanrooholio aoid OarH^gNSOe. (Hyg- 
chOlio aoid C8.H40O4.) Goose-bile contains dienotaurocholic 
add G29H49N80«. (Chenocholic acid G27H44O4.) Oriental 
hezoarstones contain ellagic aoid Gi4Hg09 and lithofbUio add 
G3oH„04 : the latter gives with sucrose and SOjCOH), a purple 
color. 

Chyle is an opalescent fluid of a yellowish-white, or pale 
reddish color. Feebly alkaline, more or less milky from sus- 
• pended fat globules, and deposits, when boiled, a few albu- 
minous flocculi. Resembles blood, but is far more dilute. 
Fibrin is greatest when the chyle taken from fasting animals. 
Lymph is a yellowish or colorless fluid, also of faint alkaline 
reaction. Like blood and chyle it contains flbrin. The al- 
bumin in it varies from 0.4 to 6.0 per cent., and of fibrin from 
o. 3 to 0.5 per cent, in human beings. Milk, as seen under the 
microscope, forms a transparent fluid, containing innumerable 
transparent oily globules; these globules are contained in a 
thin membrane which is not visible until the milk is treated 
with« dilute acetic aoid. Albumin is only present in eolostrumj 
or the milk produced after birth. The quantitv of salts in cow's 
milk amounts to about o. 73 per cent. ; the phosphates are the 
most important. Gow*s milk varies in sp. gr. from 1030 to 1040. 
It contains about 12.5 per cent, of total solids: fat 3.25; 
LACTOSE and soluble salts 5.20; casein and insoluble salts 
4.C5. 

Among the liquids concerned in digestion (besides bile) we 

K 
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notice: flalivB. An opalescent, yiscid liquid, which froths on 
agitation. The solids vaiy from 0.4 to 0.84. In addition to 
epithelial particles, and to the mncns derived from the mouth, 
the saliva contains ptyalin which resembles sodium albuminate. 
It coniititutes one-thiid of the soluble solids of the saliva, and 
converts starch into dextrin and dextrose. Further, the saliva 
is faintly alkaline. Besides carbonates and lactates of potas- 
sium and sodium, it contains sulphocyanide of potassium, car- 
^ bonate and phosphate of calcium, the two last, together with 
' salivary mucus, constituting the tartar of teeth. The gastrie 
juice effects the digestion of the albuminoid constituents of 
food. It is a clear colorless liquid, of peculiar odor ; very acid 
after ingestion of food. Very powerfrd antiseptic. Does not 
become turbid when boiled. The acid consists of lactic and 
hydrochloric acids, with traces of butyric and propionic. 
Besides certain salts, it contains Pepsin, an albuminoid body, 
soluble in water, but insoluble in alcohol or in ether. When 
boiled, pepsin loses its power of effecting digestion : its aqueous 
solution IS precipitated by Gl^Hg, but not by Cy«FeK^, in 
acetic acid solutions. Dried pepsin with 30 to 50 per cent of 
starch, is an article of commerce. The Fftnereatio fluid, some- 
what resembles saliva. It aids in the assimilation of fats. 
Sp. gr. i.ooH. Contains about 10 per cent, of solids, amon^ 
wliich LEuciN CaH,„.H2N.C00H, xanthih C,H4N402, guanin 
O^HcNgO and inosite C^H^fi^. Further it contains albumin, 
and becomes coagulated when heated. Huens. A tough, viscid 
secretion, in which epithelial particles can be traced in different 
stages of disintegration. It swells up in, but is not dissolved 
by, water : mtctn gives the glairy con^stence to the mass, and 
id turned yellow by nitric acid, not precipitated by ClJELg, but 
coa<>nilated by alcohol. 

The Urine. From arterial blood by the kidneys. Average 
sp. gr. J .02. The quantity passed by an adult varies from 40 
to 50 oz. per day. Amber-colored, of slight acid reaction, and 
peculiar odor. It soon begins to putrefy, and becomes alkaline 
from the conversion of ubea COK2H4 + 2OH2 into ammonium 
CABBONATE : the mucus of the bladder acting as a ferment. 
Besides wateb 95 .680 per cent., and ubea GON2H4, r.420 per 
cent., the urine contains mucus 0.016, urio acid C5H4N4O,, 

0.037 P^' cent., ALCOHOLIC EXTRACT I. 253, AQUEOi 8 EXTRACT 
0.250, SODIUM CHLORIDE O.722, PHOSPHATES, SULPHATES, &C., 

0.613 per cent. The urine of berbivora is rich in hippurio 
ACID CfH2.NH.C7HsO.COOH. The coloring: matters of tlie 
urine. Urochrome and uromelanin C8gH4,N70,o. The urinb 
is the chief outlet of the effete nitrogenized tissues. Lehmann 
secreted B21 grains of urea, and 21 .6 grains of uric acid, per 24 
hours, on an animal diet; on a vegetable diet 34B grains of 
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urea, and 15 .4 graiDS of uric acid. Sulphates increase greatly 
in the urine with animal food. All salts of potassium, sodium 
and ammonium with vegetable acids, taken as such, are voided 
as carbonates. In certain diseases, albumin is found in the 
urine. In diabetes, the urine contains much dextbose. Chief 
oalotdiare: i. Ubio acid. 2. Ammonium urate. The deposit 
so common in urine, of a pink color, is urate of ammonium. 
3. Calcium oxalate. ** Mulberry calciilus." 4. Calcium ortho- 
phosphate : infusible. 5. Ammonium magnesium phosphate. 
"Triple phosphate.*' •* Fusible calculus" is a mixture of 
4 and 5. 6. Xanthin CaH4N40, ; very rare. 7. Ctstin 
C^HgNSO,. — An important biliary calculus consists mainly of 
cholesterin C2eH480H. 

The BoUd ezorementB or fsBoeB consist of about 7 s per cent, of 
water ; the rest, of biliary matters and alimentary debris 
According to Liebig, about 5} ounces are excreted in 24 hour; 
by a heidthy adult. The odor is the more offensive as the 
quantity of bile diminishes. Marcet has discovered ezcbetin 
CrsHiseSO,. 

Pus is a thick, opake, yellowish fluid, which, under the 
microscope is seen to consist of a transparent liquid, in which , 
a large number of corpuscles float. It is feebly alkaline, and 
holds a considerable quantity of albumin in solution ; leucin 
G5Hio(H2N)COOH, is also often present, and has been already 
mentioned at pp. 126 and 130. [Leucin is further formed by 
the decomposition of gelatin, wool and horn, &c., during putre- 
faction. Indeed, it was first discovered in putrid cheese. The 
crystals melt at 1 00° C. , and sublime. Nitrous acid changes leucin 
into leucic acid CgHijO,. It is produced artificially from bromo- 
OAPROic ACID by ammonia, and oy digesting valebal-ammonia 
with cyanide of hydrogen and chloride of hydrogen. Thus: 
CsHioCHaN+CNH+OHa f CIH = H.NCl + C5H10.H-N.COOH.] 
The pus-globules contain both fat and cholesterin C26K43OII, 
the latter having the composition of a monatomic alcohol. It is 
a lustrous, fat-m^e substance, soluble in boiling alcohol, in ether 
and in chloroform. It melts at 13 7° C, and sublimes at 200° C. 
It is the chief constituent of biliary calculi (p. 128). Ptin is the 
name of the albuminoid substance found in pus ; it is soluble 
in water, but precipitated by acetic acid as well as by alum. 
The saline constituents exceed 12 per cent, of the total dry 
matter. 



the END. 
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